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10 STRUCTCnUB- BASED DBSIGOISD EESBICIDB BBSZSTAMT PRODUCTS 

Field of the Invention 

This invention pertains to structure -based modelling 
ajid design of variants of acetohydroxy acid synthase (AHAS) 
15 that are resistamt to imidazolinones and other herbicides » the 
AHAS inhibiting herbicides , AHAS variamts themselves, DNA 
encoding these variants, plants expressing these variants, and 
methods of weed management* 

20 Backcrround of t he Invention 

Acetohydroxy acid synthase (AHAS) is an enzyme that 
catalyzes the initial step in the biosynthesis of isoleucine, 
leucine, and valine in bacteria, yeast, and plants. For 
exanple, the mature AHAS from Zea Mays is approximately a 599* 

25 amino acid protein that is localized in the chloroplast (see 
Figure 1) . The enzyme utilisi^s thiamine pyrophosphate (TPP) 
and flavin adenine dinucleotide (FAD) as cofactdrs and pyruvate 
as a substrate to form acetolactate. The enzyme also catalyzes 
the condensation of pyruvate and 2*ketobutyrate to form 

30 acetohydroxybutyrate • AHAS is also known as acetolactate 
synthase or acetolactate pyruvate lyase (carboxylating) , and 
is designated EC 4.1.3.18. The active enzyme is probably at 
least a homodimer. Ibdah et al. (Protein Science, 1:479 -S, 
1994), in an abstract, disclQlse one model for the active: site 

35 of AHAS. 

A variety of herbicides including imidazolinone 
compounds such as imazethapyr (PURSUIT^ - American CYahamid 
Company -Wayne, NJ) , sulfonylurea -based confounds such as 
sulfometuron methyl (OUST^ -^B.I. du Pont de Nemours and 
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Conqpany- Wilmington, DE) , triazolopyrimidine sulfonamides 
(Broadstrike™ * Dow Elanco; see Gervick, et al.. Pestle. 5ci. 
21:357-364, 1990), sulfamoylureas (Rodaway et al.. Mechanisms 
of Selectively of Ac 322,140 in Paddy Rice, Wheat and Barley, 
5 Proceedings of the Brighton Crop Protection Conference -Weeds, 
1993) , pyrimidyl*oxy- benzoic acids (STABLE® - Kxuniai Chemical 
Industry Coxx^any, £.1. du Pont de Nemours and Company; see. The 
Pesticide Manual- 10th Ed. pp. 888-889, Clive Tomlin, Ed., 
British Crop Protection Council, 49 Downing Street, Farmham, 

10 Surrey 649 7PH, UNITED KINGDOM) , and sulf onylcarboxamides 
(Alvarado et al., U.S. Patent No. 4,883,914) act by inhibiting 
. , AHAS enzymatic activity. (See, Chaleff et al.. Science 
121:1443, 1984; LaRossa et al., iJ.fiol . Chem. 259 :8753- 1984; 
Ray, Plant Physiol. 7^:827, 11984; Sharier et al.. Plant 

15 Physiol. 1£:545, 1984) . These herbicides are highly effective 
and environmentally benign. Their use in agriculture, 

however, is liznited by their lack of selectivity, since crops 
as well as undesirable weeds are sensitive to the phytotoxic 
effects of these herbicides. 

20 Bedbrook et al., U.S. Patent Nos. 5,013,659, 

5,141,870, eoid 5,378,824, disclose several sulfonylurea 
resisteuit AKAS variants. However, these variants were either 
obtained by mutagenizing plants, seeds, or cells and selecting 
for herbicide- res is teuit mutants, or were derived from such 

25 mutants. This approach is unpredictable in that it relies (at 
least initially) on the random chance introduction of a 
relevant mutation, rather than a rational design approach based 
on a structural model of the target protein. 

Thus, there is still a heed in the art for methods 

30 _and compositions that provide selective wide spectrum amd/or 
specific herbicide resistance in cultivated crops. The present 
inventors have discovered that selective herbicide resistant 
variant toTsm of AHAS and plcuats contiaining the same can be 
prepared by structure -based modelling of AHAS against pyruvate 

35 oxidase (POX) , identifying an herbicide binding pocket or 
pockets on the AHAS model, and designing specific mutations 
that alter the affinity of the herbicide for the binding 
pocket. Th se variants and plants are not inhibited or killed 
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by one or more classes of herbicides and retain sufficient AHAS 
enzymatic activity to support crop growth. 




30 



35 



Figure i . is an illustration of a €00 amino acid 
sequence corresponding to the approximately 599 amino acid 
sequence of acetohydroxy acid synthase (AHAS) f torn Zea Afays 
which is given as an example of a plant AHAS enijmie The 
sequence does not include a transit sequence, and the extra 
glycine is vestigial from a thrombin cleavage site. Residues 
Argi28, and Phel35 are shown in bold. 

Figure 2 is an illustration of the alignment of the 
sequence of maize AHAS ,and. pyruvate oxida^4 (E^OX) from 
Iiactobacillus pianarum. 

Figure 3 is a schematiic representatxbn of the 
secondary structure of an AHAS .subunit . - Regular secondary 
structure elements, a-helices and. /5 -sheets, are d^pifeted as 
circles and ellipses, respectively/ and ate numbered fee^>arately 
for each of the three domains .within a' etibiinit." Lddps and 
coiled regions are represented by black lines, with num&ers 
representing the proximate -beginnings and^ ^^nd^ 6f the 
elements , The locations of. cof actor ^bindi^ig sf tetf ~aiid known 
mutation sites are- indicated by octahedrons ^aui^^ 
respectively...,...^ ,. i ^ ^- j ■ -oyy , -.c: 

Figure 4 is an illustration ef a ccaputter-geSerated 
model of the active site of maize AHAS with iniatzethapyr 
(PURSUIT* herbicide) piodeled into .tire binding pocket.' 

Figure 5 is an illustration of the homolog^ among 
AHAS amino acid sequences derived from different plant species 
PAC 751 is maize. als,2 AHAS isozyme .as depressed from 'the pAC 
751 E. Cold expression vector as in Figure i; Maize iis 2 is 
the maize als 2. AHAS isozyme; Maize als l is the maize als i 
AHAS isozyme; Tobac l is the tobacco AHAS SuRA isozyme ; Tobac 
2 is the tobacco AHAS SuRB isozyme; Athcsr 12 is the 
Arabidopsis thaJlana Csr 1.2 AHAS gene; Bnaal 3 is the flrassica 
napus AHAS III isozyme; and Bnaal 2 is the Srassi ca napus AHAS 
II isozym . 
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pAC 751 and Maize als 2 are identical genes except 
that Maize als 2 starts at the beginning of the transit 
sequence and pAC 751 starts at th putative mature N- terminal 
site with an additional glycine at the N- terminal due to the 
5 thrombin recognition sequence in the p6BX-2T expression vector. 
The N- terminal glycine is not a natural amino acid at that 
position. 

Amino acid sequence alignments of the AHAS proteins 
were generated by PILBUP (GCG Package - Genetics Computer 

10 Group, Inc., - University Research Park - Madison-WI) . The 
consensus sequence was generated by PRETTY GCG Package. 

Figure . 6 is. a photographic illustration of an SDS* 
polyacrylamide gel . stained for protein showing purification of 
maize AKAS. The lanes contain (from left to right): A, 

15 Molecular weight markers;, B, Crude E. coli cell extract; C, 
Glutathione -agarose affinity purified preparation; D, Thrombin 
digest of the affinity purified preparation; E, Second pass 
through glutathione -agarose column auid Sephacryl S-lOO gel 

20 Figure 7 is a graphic illustration of the results of 

. In vitro assays of the enzymatic activity of wild- type and 
mutant AHAS proteins in. the absence and in the presence of 
increasing concentrations of imazethapyr (PURSUIT^ herbicide) . 
The Y axis represents the % of activity of the mutant enzyme, 
25 wherein the 100% value is measured in the absence of inhibitor. 

Figure 6 is a graphic illustration of the results of 
in vitro assays of the enzymatic activity of wild- type and 
mutant AKAS proteins in the absence auid presence of increasing 
concentrations of sulfometuron methyl (OUST* herbicide) . The 
.30.. Y axis represents the % of activity of the mutamt enzyme, 
wherein the 100% value is measured in the absence of inhibitor. 

Figure 9 is a graphic illustration of in vitro assays 
of the enzymatic activity of wild- type Arabidopaia AHAS protein 
and the Metl24Ile mutcuit Arahidopaia AHAS protein in th 
35 absence and presence of increasing concentrations of 
imazethapyr (PURSUIT* herbicide) auid sulfometuron methyl (OUST* 
herbicide) . The Y axis represents the % activity of the mutant 
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enzyme, wherein the 100% value is measured in the absence of 
inhibitor... 

Figure 10 is a graphic illustration of in vitro 
assays of the enzyxnatic activity of wild- type Arabidqpsis AHAS 
5 protein and the Metl24His mutauit ArabiddpBis AHAS protein in 
the absence ajid presence of increasing concentrations of 
iroazethapyr (PURSUIT* herbicide) and sulfometuron methyl (OUST* 
herbicide) . The Y axis represents the % activity of the mutant 
enzyme, wherein the .100% value is measured in the absence of 
10 inhibitor. 

Figure 11 is a. graphic illuiBtration of in vitro 
assays of the enzymaitic activity of wild- type Arabidopais AHAS 
protein and Argl99Glu mutant Arabidopsis iuiAS protein i the 
absence cuad presence of increasing concentrations of 

15 imazethapyr (PUI^UIT* herbicide) and sulfometuron mis thyl (OUST* 
herbicide) . The Y axis represents the % activity of the mutant 
enzyme, wherein the 100% value is 'Measured in the absence of 
inhibitor. - ' ' - ' 

Figure 12 is a schematic illustration of a DNA vector 

20 used for pla^t transformation, which contains the nptll gene 
(encoding kanamycin resistance) under the cb>ntx:bi of the 35S 
promoter and an AHAS gene (wild t^pe or variant) Under the 
control of the Arabidopaia AHAS prcOTbterV 

Pigiire .13 is a photograph — showxng ' the root 

25 development of tobacco plants transformed with the Arabidop^ 
AHAS gene containing either the Metl24Ile or^ AtglSSGlu mutation 
and a non- transformed control. Plants were ^rowh for 18 days 
after transfer into. medium containing 0^25 /zM imazethapyr. 

Figure 14 is a photograph showing ^ tobacco jplants 

30 tramsformed with the Arabidopaia AHAS gene cohtaining either 
the Metl24Zle, Met 124His., or Argl9961u nutation and a non- 
transformed control, which had been sprayed with twice the 
field rate (100 g/ha) of imazethapyr. 

Figure 15 is . a photograph showing the results of 

35 germination tests performed in the presence of the herbicide 
CL 299,263 (imazamox) , which were performed on seeds harvested 
from primary tobacco plant transf ormants that had been 

i 
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transformed with the ArabidopsiB AKAS gene containing either 
the Metl24Ile, Met 124His, or Argl99Glu mutation. 

5 . The present invention provides a structure -based 

modelling method for the production of herbicide resistant J\KAS 
variant protein. The method includes: 

(a) aligning a target AHAS protein on pyruvate 
oxidase teziplate or an AHAS modelling equivalent thereof to 

10 derive the three-dimensional structure of the target AHAS 
protein; 

(b) modelling one or more herbicides into the 
three-dimensional structure to localize an herbicide binding 
pocket in the target AHAS protein; 

15 (c) selecting as a target for a mutation, at 

least one amino acid position in the target AHAS protein, 
wherein the mutation alters the affinity of at least one 
herbicide for the binding pocket; 

(d) mutating DNA encoding the target AHAS 
20 protein to produce a mutated DNA encoding a variant AHAS 

. . .. containing the nutation, such as, for exanqple, at least one 
different amino acid, at the position; and 

(e) expressing the imitated DNA in a first cell, 
imder conditions in which the variant AHAS containing the 

25 mutation, such as, for example, the different amino acid(s), 
.at the position is produced. 

The method further may include: 

(f ) expressing DNA encoding wild- type AHAS 
protein parallel in a second cell; 

30 (g) . purifying the wild- type and, the variant 

AHAS proteins from the cells; 

(h) assaying the wild- type and the variant AHAS 
proteins for catalytic activity in conversion of pyruvate to 
acetolactate or in the condensation of pyruvate and 2- 

35 ketobutyrate to form acetohydroxybutyrate, in the absence and 
in- the presence of the herbicide; and 

(i) repeating steps (c) - (h) , wherein the DNA 
encoding the AHAS variant of step (e) is used as the AHAS- 
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encoding DNA in step (c) until a. first herbicide resistant AHAS 
variant protein is identified having: . 

(i) in the aOssence of the at least one 
herbicide, ■ 

(a) catalytic - activity alone 
sufficient . to,xnaintain the, viability of a. celX in which it is 



; or 



. - , (b) catalytic activity in combination 
with any herbicide resistant AHAS variant protein also 
expreaaed in the cell,; which nay be the. same as or different 
than the first AHAS variant protein, sufficient to niaintain the 

°^ * cell in. which it is expressed; 

wherein the cell - requires AHAS 
activity for viability; and ... 

(ii) catalytic activity that is more 
resistant to the at least one herbicide than is wild- type AHAS. 



An alternate structure- based modelling method for the 
production of herbicide resistant AHAS variant protein is also 
20 provided. This method includes: 

Ja) aligning a target AHAS pirotein on a first 
AHAS template , derived from a polypeptide, having the sequence 
of Figure 1. or a functional equivalent thereof to derive the 
three-dimensional structure of r the target AHAS protein; 

(b) . modelling -one or more herbicides into the 
three-dimensional structure to localize an herbicide binding 
pocket in the target AHAS pzpteln;: ; - • .. 

(c) selecting as a target for a mutation, at 
least one amino acid position in the target AHAS protein, 
wherein the mutation alters the affinity of at least one 
herbicide for the binding pocket; . , 

.(d) nutating DMA encoding the target AHAS 
protein to produce, a mutated DNA. encoding a variant AHAS 
containing the mutation at the position; cmd 

(e) expressing the mutated DNA in a first cell, 
under conditions in which the variant AHAS containing the 
mutation at the position is produced. 

.This method can further include; 
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(£) expressing DNA encoding wild- type AHAS 
protein in parallel in a second cell; 

(g) purifying the wild- type and the variant 
AHAS protein from the cells; 
5 (h) assaying the wild- type and the varicuit AHAS 

protein for catalytic activity in conversion of pyruvate to 
acetolactate ,,or in the condensation of pyruvate amd 2- 
ketobutyrate to. form acetohydroxybutyrate, in the absence and 
in the presence of the herbicide; and 
10 (i) repeating steps {c)-(h), wherein the DNA 

encoding the AHAS variant of step (e) is used as the AHAS- 
encoding DNA in step (c) until a first herbicide resistant AHAS 
varicuat protein, is identified having: 

(i) in the absence of the at least one 

15 herbicide, 

(a) catalytic activity alone 
sufficient to maintain 'the viability of a cell in which it is 
,e:)qpressed; or 

(b) catalytic activity in combination 
20 with any herbicide resistant AHAS variant protein also 

esqpressed in the cell , which may be the same as or different 
than the first AHAS variant protein, sufficient to maintain the 
viability of a cell in which it is expressed; 

wherein the cell requires AHAS 
25 activity for viability; auid 

-^.(ii) catalytic activity that is more 
resistant to. the at least one herbicide than is wild- type AHAS. 

* ♦ " 

In another alternate embodiment, the method includes: 
30 (a) aligning a target AHAS protein on a first 

AHAS template having an identified herbicide binding pocket and 
having the sequence of Figure 1 or a fimctional equivalent 
thereof to derive the three-dimensional structure of the target 
AHAS protein; 

35 (b) selecting as a target for a mutation, at 

least one amino acid position in the target AHAS protein, 
wherein the mutation alters the affinity of at least one 
herbicide for the binding pocket; 
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(c) mutating DNA encoding the target AHAS 
protein to produce a mutated DNA encoding a variant AHAS 
containing the mutation at the position; and 

(d) eaqpressing the mutated DNA in a first cell, 
under conditions in which, the variant AHAS containing the 
mutation at the position is produced. ' • - 

This .method can further include : - 

(e) e35>ressing DNA encoiding wild- type target 
AHAS protein in parallel in a second cell ;- . 

. (f) purifying the wild- type and the variant 
AHAS protein from the ce^ls;;. 

(Sr) assaying the. wild- type ^d the varismt AHAS 
protein for catalytic activity in conversion of pyruvate to 
acetolactate or^ in the condensation of pyruvate and 2- 
ketobutyrate to form acetohydroxybutyrate, in the absence and 
in the presence of the herbicide; and 

(h) repeating steps (b) - (g) * wherein the DNA 
encoding the AHAS variant of step (d) is u^ed as the AHAS- 
encoding DNA in step (b) until a first herbicide resistant AHAS 
20 variant protein is identified having: : . * ; ' ' 

(i) in : the absence, of thse- at least one 
herbicide, : ■ ; : 

(a) catalytic activity alone 
sufficient to maintain the viability of a cell in which it is 



IS 



35 



25 es^ressed; or 

(b) catalytic activity in combination 
with any herbicide, resistant AHAS variant protein also 
expressed in the cell, which may be the same as or different 
than the first AHAS variant protein, sufficient to maintain the 
30 viability of a . cell in which it is expressed; 

wherein the cell requires AHAS 
activity for viability; and 

(ii) catalytic activity that is more 
resistant to the at least one herbicide than is wild- type AHAS. 



In preferred embodiments of the above methods, the 
catalytic activity in the absence of the herbicide is at least 
about 5% and most preferably is more than about 20% of the 
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catalytic activity of the wild* type AHAS. Where the herbicide 
is an imidazolinone herbicide, • the herbicide resistant AHAS 
variant protein preferfld>ly has: 

(i) catalytic activity in the absence of 
5 the herbicide of more than about 20% of the catalytic activity 

of the wild- type AHAS; 

(ii) catalytic activity that is 
relatively more resistant to the presence of imidazolinone 
herbicides coo^ared- to wild- type AHAS; and 

10 (iii) catalytic activity that is 

relatively more sensitive to the presence of sulfonylurea 
herbicides cozqpared to imidazolinone herbicides. 

The present invention further provides isolated DNA 
encoding acetohydroxy acid synthase (AHAS) variant proteins, 
15 . the variant proteins comprising an AHAS protein modified by: 

(i) substitution of at least one different amino 





acid : 


residue 


at an 


eunino s 


icid re 


sidue of the 


sec[uen 


ce of Figure 




1 sel 


ected from the group consisting 


Of P48, 649, S52, 


H53, 




E54 , 


A84, A95, T9.6, S97, 


698, 


P99, 


6100, 


AlOl, 


V12S, 


R127, 


20 


R12B, 


M129, 


1130, 


6131, 


T132, 


D133, 


F135, 


Q136, 


D1B6, 


1187, 




T259, 


. T260 , 


L261.. 


M262, 


6263, 


R276, 


M277, 


L278, 


6279, 


H281, 


f 


6282, 


T283, 


V284. 


6300, 


V301, 


R302, 


F303, 


D304 , 


R306, 


V307, 




T308, 


6309, 


K310, 


1311, 


E312, 


A3 13, 


P314-, 


A315, 


S316, 


R317, 




A318, 


K319, 


1320, 


E329, 


1330, 


K332, 


N333, 


K334, 


Q335, 


T404, 


25 


6413, 


V414, 


6415, 


Q416, 


H417, 


Q418, 


M419, 


W420, 


A421, 


A422, 






S435, 


S436, 


A437, 


6438, 


L439, 


6440 , 


A441, 


M442, 


6443, 




b467, 


6468, 


S469, 


L471, . 


N473, 


L477, 


M479, 


Q495, 


H496, 


L497, 


, * • 


6498, 


M499, 


V501, 


Q502, 


Q504 , 


D505, 


R506, 


Y508, 


K509, 


A510, 




N511, 


R512, 


A513, 


HS14, 


T515, 


S524> 


H572, 


Q573, 


E574, 


HS75, 


30 


V576, 


li577. 


P578, 


M579, 


1580, 


P581, 


6583, 


6584, 


functional 



equivalents of any of the foregoing, and any combination of any 
of the foregoing; . 

(ii) deletion .of up to 5 amino acid residues 
preceding, or up to 5 axnlno acid residues following at least 
35 one amino acid residue of the sequence of Figure 1 selected 
from the group consisting of P48, 649, S52, M53, E54, A84, A95, 
T96, S97, G98, P99, GlOO, AlOl, V125, R127, R128, M129, 1130, 
G131, T132, D133, F135, Q136, D186, 1187, T259, T260, L261, 



9e33270A1J_> 



wo 96/33270 PCT/US96/05782 

M262, G263, R276, M277, L278, G279, H281, G282, T283, V284, 
G300, V301,R3q2,F303, D304, R306, V307, T308, G309, K310, 1311, 
E312, A313. F314. A315, S316, R317, A318, K319, 1320, E329, 
1330, K332, N333,. 1^334, Q335, T404, G413 , V414, G415, Q416, 
5 H417, Q418, M419, W420, A421, A422 , L434, S435, S436, A437, 
G438, L439, G440, A441, M442, G443, D467, G468, S469, L471, 
N473, L477, M479, Q495, H496, 1.497, G498, M499, V501, 0502, 
Q504, D505, R506, Y50.8, 1C509;, ASIO, NSll, RS12, A513, H514, 
T515, S524, H572, 0573, E574, H5^75; V57i6, L577, PS78, M579, 

10 1580, P581, 6583, 6564, functioaal equivalents of any of the 
foregoing, «uid any combination of ^ any of the foregoing; 

(iii) . deletion of at least one eunino acid residue 
or a fxinctional equivalent thereof between Qi2 4 and K150 of the 
sec[uence of Figure 1; . ^ ^ ♦ ^ ' • 

is (iv) addition of at -least one amino acid residue or 

a functional' equivalent thereof between Q124 and HlSO of the 
sequence of Figure 1;. - ' ' 

(v) deletion of at least one andno ac^^^^ 

a functional equivalent thereof between 6300 and D324 of the 
20 sequence of Figure 1; > 

(vi) addition of at least- one amino aisid residue or 
a functional equivalent thereof between 6300 and D324 of the 
sequence of Figure 1; or 

(vii) any combination of any of the fbregoing. 

In this ntixhbering system/ residue #i corresponds to 
the putative amino termdLnus: of the mature protein; i.e. , after 
removal of a chloroplast targeting peptidte. 

The cU^pve modifications are directed to altering the 

30 ability of an herbicide, and preferably an imidazolinone- based 
herbicide, to inhibit the enzymatic activity of the prbtein. 
In a preferred embodiment » the isolated DNA encodes an 
herbicide* resistant variant of AHAS. Also provided are DNA 
vectors conprising DNA encoding these AHAS variants / variant 

35 AHAS proteins themselves, and cells, grown either in vivo or 
in cell culture, that express the AHAS variants or comprise 
these vectprs. 
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In another aspect, the present invention provides a 
method for conferring, herbicide resistance on a cell or cells 
cuid particularly a plant cell or cells such as« for example, 
a seed. An AHAS gene, preferably the Arabidopais thetllanst AHAS 
5 gene, is mutated to alter the ability of an herbicide to 
inhibit the enzymatic activity of the AHAS. The mutant gene 
is cloned into a compatible expression vector, and the gene is 
transformed into an herbicide* sensitive cell under conditions 
in which it is*, e^qpressed at sufficient levels to confer 
10, herbicide resistance on the cell. 

Also contenqplated are methods " for weed control , 
. wherein a crop containing an herbicide resistant AHAS gene 
according to the present invention is cultivated and treated 
with a weed- controlling effective amount of the herbicide.. 
15 Also disclosed is a structure* based modelling method 

. for the preparation of' a first herbicide which inhibits AHAS 
activity, . The method coir5)rises: 

(a) aligning a target AHAS protein on pyruvate 
oxidase template or an AHAS modelling functional equivalent 
20. thereof to derive the three-dimensional structure of the target 
AHAS protein; 

. . (b) modelling a second herbicide having AHAS 

. inhibiting activity into the three -dimensioxial structure to 
derive the location, structure, or a coinbination thereof of an 
25 herbicide binding pocket in the target AHAS protein; and 

(c) . designing a non*peptidic first herbicide 
which will interact with, auid preferably will bind to, an AHAS 
activity inhibiting effective portion of the binding pocket, 
wherein the first herbicide Inhibits the AHAS activity 

' * * ■ * 

30 sufficiently to destroy the viaQ^ility of a cell which requires 
AHAS activity for viability* 

An alternative structure-based modelling method for 
the production of a first herbicide which inhibits AHAS 
activity, is also enclosed. The method comprises: 

35 (a) aligning a target AHAS protein on a first 

AHAS ten^late derived from a polypeptide having the sequence 
of Figure 1 or a functional equivalent thereof , to derive the 
three-dimensional structure of the target AHAS protein; 
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(b) modelling a second herbicide having AHAS 
inhibiting activity into the thre -dimensional structure to 
derive the locatipn, structure, . or a combination thereof of an 
herbicide binding pocket in the target AHAS protein; and 
5 (c) designing a non-peptidic first herbicide 

which will interact with, and preferably will bind to, an AHAS 
activity inhibiting effective portion of the binding pocket, 
wherein the first . herbicide inhiMts - the AHAS Activity 
sufficiently to destroy the viability of a cell which requires 
lb AHAS activity for viability. . i . r ;r 

Preferably; in , each, method, the - first herbicide 
contains, at least one functional vgroup th4t interacts with a 
functional group of the binding pocket. .:. 

15 Petftiled Daaerlption of th a Invanfclftn : 

The present invention encon^asses the rational design 
or structure -based molecular modelling of modified versions of 
the enzyme AHAS and AHAS inhibiting herbicides. These modified 
enzymes (AHAS variant proteins) are resistant to the 'action of 

20 herbicides .. The present invention also en&oasiasses fiNAs that 
encode these variants, vectors that include these Ottks. the 
AHAS variant proteins, and cglls that express these variants. 
Additionally provided are methods for producing herbicide 
resistance in plants by expressing these variants khd methods 

25 of weed control. ; The DMA amd the AHAS vat-iaiits 6f-the p^^ 

invention were discovered in studies that were based on 
molecular modelling of the structure of AHMS. ' 

- i •■' * ^ 

J ' ^ •> -4 » ' 

30 AHAS TnhibxHina Hcrhlnldf^a 



-resistant vai.riant:s of AHAS according to the 
present invention are useful in conferring herbicide resistance 
in plants and cam be designed with the POX model, AHAS model, 
35 or functional equivalents thereof, such as, for exan^le, 
transketolases , carboligases, pyruvate decarboxylase, proteins 
that bind FAD and/or TPP as a cofactor, or any proteins which 
have structural features similar to POX and/or AHAS? with an 
AHAS model such as a model having the sequence of Figure l ; or 
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with a functional equivalent of the sequence of Figure 1 
including a variant modeled from a previous model. Proteins 
that can be used include any proteins having less than a root 
mean square deviation of less than 3.5 angstroms in their Ca 
5 carbons relative to any of the above- listed molecules. AHAS 
directed herbicides can be similarly modelled from these 
templates. A functional ecpiivalent of an AHAS amino acid 
sequence is a sequence having substantial/ i.e., 60-70%, 
homology, .particularly in conserved regions such as, for 

10 example, a putative binding pocket. The degree of homology can 
be determined by single, alignment based on prograims known in 
the art, such as, for exaxiqple> GAP and PILEUP by GCG. Homology 
.means identical amino acids or conservative substitutions. A 
. functional equivalent of a particular aicnino acid residue in the 

15 AHAS protein of Figure 1 is an amino acid residue of another 
AHAS protein which when aligned with the sequence of Figure 1 
by programs kno%m in the art, such as, for exan^le, GAP and 
PILBUP by GCG, is in the same position as the amino acid 
residue of Figure 1. 

20^ Rational design steps typically include: (1) 

alignment of; a target AHAS protein with a POX backbone or 

structure or om AHAS backbone or structure; (2) optionally, and 

.» . • • • 

if the AHAS backbone has an identified herbicide binding 
.pocket, modelling one or more herbicides into the three- 

2.5 dimensional structure to localize an herbicide binding pocket 
in the target protein; (3) selection of a mutation based upon 
the model; (4) site-directed mutagenesis; and (5) expression 
and purification of the varieuits . Additional steps can include 
(6) assaying of enzymatic properties and (7) evaluation of 

30 suitGQ:>le variants by comparison to the properties of the wild- 
type AHAS. Each step is discussed separately below. 

■ 1, Molecular Modelling 

Molecular modelling (and particularly protein 
35 homology modelling) techniques can provide an xinderstauiding of 
the structure and activity of a given protein; The structural 
model of a protein can be determined directly from experimental 
data such as x-ray crystallography, indirectly by homology 
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modelling or the liJce, or combinations thereof (See White, et 
al*, Annu. Rev. Bxophym. Blomol . Struct . , 21:349, 1994). 
Elucidation of the three-dimensional structure of AHAS provides 
a basis for. the development of a rational scheme for mutation 
5 of particular amino ..#ci.d residues within AHAS that confer 
herbicide resistance on the, polypeptide. 

Molecular modelling of the* structure o£ Zea laayB 
AHAS, using as a template .the, kno%m X-ray crystal 
of related pyruvate oxidase (POX) from I/actobaclUus plantarum, 

10 provides a three-dimensional model- of AHAS structure "that is 
useful ^ for. the :design pf .;herbicide- resistant AHAS v^ or 
AHAS inhibiting herbicides. This modelling procedure takes 
advantage of the fact that. AHAS and POX share a number of 
biochemical characteristics and may be derived from a common 

15 ancestral gene (Chang et al;, J.Bacteric^l . 176 :3937: 1988) . 

Because of the high degree of cross - species homology 
in AHAS the modelled MOS described herein or functional 
equivalents thereof can also be used as templates for AHAS 
varicuit protein design. ■ 

20 Derivation of one model using interactive molecular 

graphics anA alignments is denser ibied in detail beloW; The 
three-dimensional AHAS structure that results from this 
procedure predicts the approximate dpatial organization of the 
active site of the enzyme and of the blading Wit e or ^p^^ of 

25 inhibitors such as herbicides . including , but not limited to , 
imidazolinone herbicides. The model is then ref ihed and re- 
interpreted based on biochemical studies which ar6 also 
described below « 

Protein homology .modelling regiiires the aligziment of 

30 the primary sequence of the protein under study with a second 
protein whose crystal structure is known. ^ Pyruvate okidase 
(POX) was chosen for AHAS homology modelling because POX and 
AHAS share a nxmnber of biochemical characteristics. For 
example, both AHAS euid POX share: aspects of enzymatic reaction 

35 mechanisms, as well, as cof actor and metal requirements . In 
both enzymes thiamine pyrophosphate (TPP) , flavin adenine 
dinucleotide (FAD) , and a divalent cation are required for 
enzymatic activity. FAD mediates a redox reaction during 
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catalysis in POX but presumably has only a structural function 
in AHAS, which is possibly a vestigial remnant from the 
evolution of AHAS from POX. Both enzymes utilize pyruvate as 
a substrate and form hydroxyethyl thiamine pyrophosphate as a 
5 stable reaction intermediate (Schloss, J.V. et al. In 
Bi oayn the si a of branched chain amino acids, Barak , Z.J.M. , 
Chipman, D.M, , Schloss, J.V, (eds) vcai Publishers, Weinheim, 
Germany, 1990). 

Additionally, AHAS activity is present in chimeric 

10 POX- AHAS proteins consisting. of the N- terminal half of POX and 
the C- terminal half of AHAS, and there is a small degree of 
AHAS activity exhibited by POX itself ^ AHAS and POX also 
exhibit similar properties in solution (Risse, B. et al. 
Protein Sci. 1: 1699 and 1710, 1992; Singh, B.K., & Schmitt, 

15 G.K. (1989), FEBS Letters, ISi: 113; Singh, B.K. et al. (1989) 
In: Prospects for Amino Acid Biosynthesis Inhibitors in Crop 
Protection and Pharmaceutical Chemistry, (Lopping, L.G., et 
al., eds., BCPC . Monograph p. 87). With increasing protein 
concentration, both POX and AHAS undergo stepwise transitions 

20 from monomers to dimers cuxd tetramers.' Increases in FAD 
concentration also induce higher orders of subunit assembly. 
The tetrameric form of both proteins is most staQ^le to heat and 
chemical dexiaturation. 

Furthermore, the. crystal structure of POX from 

25 .Lactobacillus plananm had been solved by Muller et al.. 
Science 2£2:965, 1993. The present inventors found that based 
in part upon the degree of physical, biochemical, and genetic 
homology between AHAS and POX, the X-ray crystal structure of 
. POX could be used as a structural starting point for homology 

30 modelling of the AHAS structure. 

AHAS and L. plantarma POX sequences were not similar 
enough for a completely .cozrqputerized alignment, however. 
Overall, only aibout 20% of the amino acids are identical, while 
about 50% of the residues are of similar class (i.e. acidic, 

35 basic, aromatic, and the like). However, if the sequences are 
compared with respect to hydrophilic and hydrophobic residue 
classifications, over 500 of the 600 amino acids match. 
Secondary structure predictions for AHAS (Holley et al.. 
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Proc. Natl. Acad. Scl, USA 86:152, 1989) revealed a strong 
similarity to the actual secondary structure of POX. For 
nearly 70% of the residues, the predicted AHA5 secondary 
structure matches that of POX. 

POX monomers Consist of three domains, all having a 
central , parallel 0 - sheet with crossovers consisting of a- 
helicea and long , loops . (Muller et al . , Scieace gSS.: 9 65 , 
1993) . The topology of the sheets differs between th^ domains,' 
i.e. in the first and third domains, the strands are assembled 
to the ^-sheet in the sequence 2-10-4-6-5^ whilV iii the ^- 
sheet of the second domain, the sequence reads 3-2-1-4-5-6. 

C9n?)uter gexiera tied alignments were based on secondary 
structure prediction and sequence- hiwnolocfy./^ The conventional 
pair- wise sequence alignment method described by Needleman and 
15 wunch, J. Mol. Biol, 443, 1970, was iised. Two sequences 

were aligned to maximize the alignment score. • "The alignment 
score (homology score), is the sum of the scores for all pairs 
of aligned residues, plus an optional " penalty for th 
introduction of gaps into the alignment. Ilie score fbi- the 
alignment of a pair of residues is a tabulated integer vklue. 
The homology scoring system is based: on observing the frequency 
of divergence between a given pair of tesidiies . (Mb D^yhoff , 
RM Schwartz & BC Orcutt -Atlas of Protein Sequence and 
Structure - vol . . 5 suppl . 3 pp. . ;345 - 362 / 1978> . 

The alignments were further refined by rejJositibning 
gaps so as to conserve continuous regular secondary structures. 
Amino acid substitutions . generated by ev^luition of iikiely 
alignment schemes were compared, by- means of interactive 
molecular graphics. Alignments- with -the most conservative 
substitutions with respect to the particular functionaiity of 
the amino acids within a given site were chosen. The final 
alignment of both. POX and AHAS is displayed in Figure 2. 
Conserved clusters of residues were identified, in particular 
for the TPP binding site and for parts of the FAD binding site. 
The alignment revealed a high similarity between AHAS and POX 
for the first domain, for most parts of the second domain, and 
for about half of the third domain. Most of the regions that 
aligned poorly and may fold differently in POX and in AHAS were 
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expected to be at the surface of the protein and were not 
involved in cof actor or inhibitor binding. The prediction of 
mutation sites is not substantially affected by small shifts 
in the alignment. 
5 Most TPP binding residues are highly conserved 

between POX and AHAS (e.g. P48-649-G50) . In some cases, 
residues that were close to TPP differ between POX and AHAS but 
remain within a region that is highly conserved (for example, 
residues 90*110). On the other hand, the FAD binding site 

10 appeared to be less conserved. Although some FAD binding 
residues were strongly conserved (for example, D325-I326-D327- 
^P328}, others clearly differed between AHAS and POX (for 
example, residues in the loop from positions 278 to 285 are not 
homologous. A detailed analysis revealed that, at least for 

15 some of the less.- conserved contact sites, the interactions were 
mediated by the polypeptide backbone rather than by the side 
chains* Hence, .conservation was only required for the 
polypeptide fold and was not required for the amino acid 
sequence (for exaoqple, the baclcbone of residues 258-263 binds 

.20 the ribitol chain of FAD). One half of the adenine and the 
isoalloxazine binding sites clearly differ. 

After aligning the primary structure, a homology 
model was built by transposition of AHAS amino acid sequences 
to. the POX tenplate structure. Missing coordinates were built 

25 stepwise using templates of amino acid residues to cbnplete 
undefined side chains . Data bank searches and energy 
minimization of small par-ts of the molecule were used to 

♦ 

conplete the conformations of lindefined loop regions. The 
cof actors TPP and FAD were modeled into their binding pockets. 

30 This model was then subjected to a conplete, 5000 cycle energy 
minimization. All computer modelling was performed in an IRIS 
Indigo Elan R4000 Workstation from Silicon Graphics Co. 
Interactive molecular modelling and energy-minimization were 
performed using Quanta/CHARMto 4.0 from Molecular Sixmalations 

35 Inc. During this step, the conformation was stable, indicating 
that no strongly disfavored interactions, such as, for exanple, 
close van der Waals contacts, had occurred. The results are 
shown schematically in Figure 3. 
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^ , Characteristiics of Predicted AHA5 Stnict^ure 

Inspection of the modelled AHAS structure described 
above revealed . that most o£ the protein folds with a backbone 
that is energetically reasonable, with most hydrophilic side 
5 chains accessible to the solvent. The. surf ace of the /3- sheets 
are smooth and accommodate the across - over regions that are 
attached to them. ■ 

A model for dimeric AHAS was generated by duplicating 
the coordinates of the energy minimized monomer ic AHAS and 

ID superinppsing the two copies on two POX' Biibuni'ts using pairs 
of Ca coordinates as defined in the alignment scheme. The 
polypeptide chain of , AHAS folds into three similarly folded 
domains coxx^osed of a six-stranded paralliBl /3- sheet core 
surrounded , by , long , "loops" and a^helices. Two subunits are 

15 assembled such that the first domain of one subuhit is in close 
proximity to the cof actor-binding ^ domains ' ^ azSd 3 of the other 
subunit. A solvent -filled space remains between the subunits 
at this site. This pocket, which is defined by th^ confluence 
of the three domains, is the proposed entry site ior the 

20 substrate. It is also ; proposed to be the binding site for 
herbicides. ..^ 

The ixmer surface of the binding pocket is outlined 
by the cof actors The thiazol of TPP is positioned at the 
bottom of the pocket, s Domain 3 contfribiit^es to the inner 

25 surface of the pocket with a short o^'^helix that point a its axis 
towards the . pyrophosphate pf TPP,: contpensating the phosphate 
charges with its dipolar mcxnent* This critical helix, which 
starts with 6498, a "turn" residue .in close contact with TPP, 
and which ends at F507, contains three known mutation sites for 

30 sulfonylurea resistance: VSOO^ W5,03,: and F507 (See, U.S. 
Patent Nos. 5,013,659; 5,141,870? and 5,378;824). In domain 
1, the loop defined as P4 8- S52 (between /^-strand 2 and a -helix 
2) faces W503, a .mutation in which confers resistance to 
imidazolinones. Residues Y47 to 650 are also in contact with 

35 TPP. This loop is adjacent to P184^Q189, dJiother turn, which 
connects the last strand of the sheet of domain 1 with a fi- 
strand that connects with domain 2. Within the pocket, near its 
entreuice, is a long region of domain 1 that interacts with a 
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coxnplemencazy screech of domain 2. Residues 125-129 and 133- 
137 of domain 1 and residues 304-313 of domain 2 are at the 
surface of the pocket. A turn consisting of T96-G100 is 
between loop 125-129 and TPP. A. further stretch of domain 3 
5 and two regions of domain 2 that line the binding pocket are 
at the opposite comer of the pocket. Residues 572, 575, 582, 
and 583. of domain 3 define the pocket surface on one side. The 
remaining part of the interior . of the pocket's surface is 
defined by FAD auid by a loop, L278-6282, that contacts the 
10 isoalloxazine ring of FAD. 

The structural models of the AHAS protein can also 
be used for the rational design of herbicides or AHAS 
inhibitors. 

2. Modelling of Herbicides Into Binding Sitea 

15 Imazethapyr, the active imidazolinone in PURSUIT^, 

was positioned into its proposed binding site using interactive 
molecular graphics (Figfure 4) and the software described above 
(Figure 4) • K1B5 was chosen as an "anchor" to interact with 
the charge of the carboxyl group. The imidazolinone' s NH-CO 

20 tinit was placed. to form hydrogen bonds to G50 and ASl. This 
positioned the methyl substitute of imazethapyr close to V500 
on the backbone of the sznall a-helix. The isopropyl group is 
possibly bpxmd by hydrophobic residues of the amino acids in 
the region of residues 125-135 that contribute to the inner 

25 surface of the pocket. -The pyridine ring is most probaJ^ly 
"Semdwiched" between A134. pr F135, F507 and W503. W503 also 
interacts with the imidazolinone ring system. 

In a similar fashion, the sulfonylurea herbicides 
were modelled into a site that . partially overlapped the 

30 described imidazolinone binding site. Overlap of sulfonylurea 
and imidazolinone binding sites was consistent with conqpetition 
binding experiments and with established mutant data, which 
show that the same imitation in maize, W503L, can confer 
resistauice to both herbicides. In these models, most of the 

35 known mutation sites that confer sulfonylurea herbicide 
resistcmce, i.e. 650, A51, K185, V500, W503, F507, are in close 
contact to the. boxind herbicides. P126 and A51 are required for 
keeping the K185 side chain in place by generating a 
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hydrophobic pore. S582, a site for specific imidazol inone 
resistance, is distant from the binding region and is located 
m the region where the homology is so poor that a change in 
the fold is eacpected. The PAD binding site apparently has low 
homology between AHAS and POX in this regibtt; S582 is a residue 
that confers; resistance in maize, and that S582' 'and its 
adjacent residues are in close contact to the active site 
pocket. It is proposed that FAD 4nd the - libp' region 
enconpassing residues 278 to 285 move slightly aWay from the 
third domain, (downward in Figure 4) and th^t a loop that 
contains S582 folds into the space between the helix at 
positions 499 to 507. and the loop at positions 278 to 285 
D305, another known resistance site, is close to fad and 
modulates, the^ interaction between domains i and 2 . M28p may 
exther be involved in positioning o£ the helix at positions 498 
to 507 or directly in inhibitor binding. -14280 knd 0305 could 
also be directly involved in inhibitor binding if domains 1 and 
2 move slightly closer to each other. 

3. Seleetinn of Miif ^ ' 

Specif ic amino acid residues are iiinp6irited as sit^ 
for the introduction of mutations into the priinary sequence of 
AHAS. These amino acids are selected bas4d uton thWir position 
in that if that amino acid residue position is modified; there 
wxll be a resultant.alteration(i.e: decline) in the "affinity 
Of an herbicide for the binding pocket . it ii hot necessary 
that the mutation position reside in the bihdihg pocket as 
amino acid residues outsi^le the pocket itself can alter the 
pocket charge or configuration. The selection of target sites 
for mutation is achieved using molecular models as described 
30 above. For. example according to the model above, arginine at 
position 128 (designated R128 in Figure l using the single- 
letter code for amino acids) is located near the entrance to 
the substrate- and herbicide -binding pocket and has a large 
degree of conformational freedom that may allow it to 
participate in transport of charged herbicides into the binding 
pocket. Therefore, this residue is substituted by alanine to 
remove both its charge and its long hydrophobic side chain 
(The resulting mutation is designated R128A) . 
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The mucations may comprise simple substitutions, 
which replace the wild- type sequence with any other amino acid. 
Alternatively, the mutations may comprise deletions or 
additions of one or. more amino acids, preferably up to 5, at 
5 a given site. The added sequence may comprise aji amino acid 
sequence known to exist in another protein, or may comprise a 
completely synthetic sequence. Furthermore, more than one 
mutation and/or more than one type of mutation may be 
introduced into a single polypeptide. 

10 4. Site^Dlrected Mutaoeneais 

The DNA encoding AHAS can be manipulated so as to 
introduce the desired mutations. . Mutagenesis is ' carried out 
using methods that are standard in the art; as described in, 
for example, Higuchi, R., Recombinant PGR, In M.A. Innis, et 

15 al., eds, PCR Protocols: A. Guide to Methods and Applications, 
Academic Press, pp. 177-183, 1990. 

5. Bxnreaaion and Purification of Variants 

The mutated or variant AHAS sequence is cloned into 
a DNA expression vector (see, e.g« , Exanple 3) and is expressed 

20 in a suitable cell such as, for example, E. coli. Preferably, 
the DNA encoding AHAS is linked to a transcription regulatory 
element, and the variant AHAS is expressed as part of a fusion 
protein, for exazt^le, glutathione-S-transf erase, to facilitate 
purification (see Example 3 below). The variant AHAS is then 

25 purified using Affinity chroxnatography or any other suitable 
method known in the art. "Purification" of an AHAS polypeptide 
refers to the isolation of the AHAS polypeptide in a form that 

allows its enzymatic activity to .be measured without 

• ' ^ ' - . 

interference by other components of the cell in which the 
30 polypeptide is expressed. 

6. Aaaayinq of Enzymatic Properties 

The purified variant AHAS may be assayed for one or 
more of the following three properties: 

(a) specific or catalytic activity for 
35 conversion of pyruvate to acetolactate (expressed as units /mg 
pure AHAS, wherein a unit of activity is defined as 1 /mole 
acetolactate produced/hour) , or for condensation of pyruvate 
and 2 * ketobutyrate to form acetohydroxybutyrate (expressed as 
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units/mg pure AHAS, wherein a unit of activity is defined as 
1 fi mole acetohydroaqrbutyrate produced/hr. ; 

(b) level of inhibition by herbicide, such as, 
for example, imidazolinone (expressed as IC», the concentration 

5 at which 50* of the activity of rthe -enzyme is inhibited) ; and 

(c) selectivity of riesietahce to the selected 
herbicide vs. other herbicides. The selectivity index is 
defined as the fold resistance of ;the mutant to iihidazolinones 
relative to the wild-type , enzyme, divided by the fold 

10 resistance of tlxe same mutanti to other herbicides also relative 
to the wild- type). Fold resistance to- an herbicide relative 
to, the wild- type enzyme is expressed as the IC» of variant, 
by the IC„ of the wild type. 'The selectivity inde^ 
(S.I.) is thus represented by the following Equation-- ' 

S.I. o f variant for herb.A/lGao of wild type for herb. A 
herb.B. °^ variant for herb.B/iCjo of wild type for 

^° Suitable assay systems ; for making these 

include, but are not limited to, thpse described 
xn detail in Exaitiple 4 below. 

The enzymatic properties of variant AHAS polypeptides 
25 are compared to the wild-type AHAS : Preferably, "a given 
mutation results in ah AHAiS variant polypeptide that retains 
in vatro enzymatic activity towards py^vate or. pyruvate and 
2 - ke tobutyrate , i.e.. the conversion . of pyruvate to 
acetolactate ot in the condensation of pyruvate and 2- 
ketobutyrate to form acetohydroxybutyrate '(and thus is expected 
to be biologically active in vivo) , while exhibiting catalytic 
activity that is relatively more resistant to the selected 
herbicide(s) than is wild-type AHAS. Preferably, the variant 
AHAS exhibits: 

(i) in the absence of the at least one 
herbicide, ■ . ; ; . 

(a) catalytic activity ...alone 
sufficient to maintain the viability of a cell in which. it is 
e3q>ressed,* or 

(b) catalytic activity in combination 
with any herbicide resistant AHAS variant protein also 
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expressed in the cell, which may be the same as or different 
than the first AHAS variajit protein, sufficient to maintain the 
visibility of a cell in which it is expressed; 

wherein the cell requires AHAS 
5 activity for viability; and 

(ii) catalytic activity that is more 
resistomt to the at least one herbicide than is wild type AHAS; 

sind that is relatively more resistant to the 
10 herbicide (s) than is wild- type AHAS. 

Therefore, any one specif ic AHAS variant protein need 
not have the total catalytic activity necessary to maintain the 
viability of the cell, but must have some catalytic activity 
in an amount, alone or in combination with the catalytic 
15 activity of additional copies of the same AHAS variant and/or 
the catalytic activity of other AHAS variant protein (s), 
sufficient to maintain the viability of a cell that requires 
AHAS activity for viability. For exajt^le, catalytic activity 
may be increased to minimum acceptable levels by introducing 
20 mfultiple copies of a variaint encoding gene into the cell or by 
introducing the gene which further includes a relatively strong 
. . E)romoter to enhance the production of the varicuit. 

More resistant means that the catalytic activity of 
the variant is diminished by the herbicide (s) , if at all, to 
25 a lesser degree than wild -type AHAS catalytic activity is 
diminished by the herbicide (s)/ Preferred more resistant 
variant AHAS retains sufficient catalytic to maintain the 
viability of a cell, plant, or organism wherein at the same 
concentration of the same herbicide (s) , wild- type AHAS would 
30 not retain sufficient catalytic activity to maintain th 
viability of the cell, plant, or organism. 

Pref eroLbly the catalytic activity in the absence of 
herbicide (s) is at least about 5% and, most preferably, is more 
than about 20% of the catalytic activity of the wild-type AHAS 
35 in the absence of herbicide (s) . Most preferred AHAS variants 
are more resistant to imidazolinone herbicides than to oth r 
herbicides such as sulfonylurea -based herbicides, though in 
some applications selectivity is neither needed nor preferred. 
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In the case of imidazolinone-resistant variant AHAS, 
it is preferred that the AHAS variant protein has 

(i) catalytic activity in the absence of said 
herbicide of more than, about ,20% of the catalytic activity of 

5 said wild-type AHAS; 

(ii) catalytic activity that is relatively more 
resistant, to presence of imidazolinone hdxrbicidi^s compared to 
wild type AHAS; and 

(iii) catalytic, activity that is relatively more 
10 sensitive to the presence of sulfonylurea herbicides compared 

to imidazolinone herbicides. Most preferred herbicide- 
resistcuat AHAS variants exhibit a minimum specif ic activity of 
about ^ ^0 \inits/mg, , minimal, or no inhibition by. imidazolinone, 
and a selectivity index ranging ..from about 1.3 to about 3000 

15 relative to other herbicides. 

Withotft wishing to be bound by theory, it is -believed 
that systematic and iterative application of this method to 
wild type or other target AHAS protein will result in the 
production of AHAS variants having the desilred properties of 

20 high enzymatic activity as explained sibove and resistance to 
one or more classes of herbicides. For exeuhple, mutation of 
a wild-. type AHAS sequence at a particular position tb a given 
amino acid may result , in a mutant that : exhibits a high degree 
of herbicide resistance but a significant loss of ehzymatic 

25 activity towards pyriivat?-^ pr pyruvate and 2 -ketobutyrate . In 
a second application of the above method, the - starting or 
target AHAS polypeptide would then be this variant (in place 
of the wild- type AHAS) . Rational design then involves 
substituting othe^r amino acids at ^ the originally ihutated 

30 position and/or adding or deleting amino acids at selected 
points or ramges in the e^ectation of retaining herbicide 
resistauice but also maintaining a higher level of enzymatic 
activity. 

The structure-based- rational design of herbicide 
35 resistant AHAS proteins . offers many advantages over 
conventional approaches that rely on random mutagenesis and 
selection* For example, wh n substitution of a particular 
amino acid with another requires substitution of more than one 
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nucleotide within the codon, the likelihood of this occurring 
randoialy is so low as to be ixnpractical V By contrast, even 
double or triple changes in nucleotide sequence within a codon 
can be easily in^>lexnented when suggested by a rational design 
5 approach. For exainple, one rationally designed mutation to 
confer .selective imidazolinone resistance requires a change 
from arginine to glutamate. Arginine is encoded by CGT, C6C, 
CGA, C6G, AGA, AGG, while glutamate is encoded by GAA and GAG. 
Since none of the arginine codons begins with GA, this mutation 

lb . would require a double substitution of adjacent nucleotides 
which would occur so rarely using random mutagenesis as to be 
unpredictable and unrepeatable with any certainty of success. 
Although mutation frequency, can be increased during random 
imitagenesis , alterations in nucleotide sequence would have an 

15 equal probability of occurring throughout the AHAS gene, in the 
absence of prior site-direction of the mutations. This 
increases the chance of obtaining an irrelevamt imitation that 
interferes with enzymatic . activity. Similarly, it would be 
rare, using remdom mutagenesis, to find a multiple amino acid 

20 st^bstitution, deletion, or s\ibstitution/deletion mutation that 
confers herbicide resistance while maintaining catalytic 
activity. Deletion mutations that confer herbicide resistance 
would also be unlikely using a random mutagenesis approach. 
Deletions would need to b^ limited to small regions and would 

25 have to occur in triplets so as to retain the AHAS reading 
^ frame in order to retain enzymatic activity. 

However, with a rational structure-based approach, 
double eunino acid substitution and/or deletion mutations are 
relatively easily achieved and precisely targeted. 

30 . Furthermore, different mutagens used in random mutagenesis 
create specific types of mutations. For exaimple, sodium azide 
creates point substitution mutations in plants, while radiation 
tends to create deletions. Accordingly, two mutagenesis 
protocols would have to be employed to obtain a multiple 

35 combination substitution/deletion. 

Finally, the present structure-based method for 
. rational design of herbicide -resistant AHAS variants allows for 
iterative improvement of herbicide resistance mutations, a step 
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that is not facilitated by random mutagenesis . Identification 
of a mutation site for herbicide resistance by rcoidom 
mutagenesis may offer little, if a:ny, predictive value for 
guiding further improvements in the characteristics of the 
5 mutant. The present ^ structure -based approach, oii tW other 
hauQd, allows improveinents to be implemented based on the 
position, environment,.. and function of : the amino acid position 
in the. structural model. 

The iteratiyei. improvement method also allows the 

10 independent manipulation of three iitqoortant properties of AHAS : 
level of resistance, selectivity of resistahce, and Catalytic 
efficiency. For example, .compensatory mutatioiis can be 
designed in a predictive manner i If a particular mutation has 
a deleterious ef feet . on. the activity of an enzyme, a second 

15 compensatory mutation may be aised to restore activity. For 
example, a change in the net charge within a domain When a 
charged residue is introduced or lost due to a mutation can be 
conpensated by introducing a second mutation. "Prediction of 
the position and type of residue (s) to introduce,' delete, or 

20 siibstitute at . the second site in order to restore ehzymatic 
activity requires a knowledge of • ' stafucture - f iih^^ 
relationships derived, from a model such as that described 
herein. . ^ ■ -"'^ - 

7,b. Design, of Iton-Pentide Herbicides -bi^ AHAS 

2S Inhibitors , ;. r.: 

A chemical entity that alters and f it' iiitb the 

active site of the target protein or bind in any position where 
it could inhibit activity may be: -designed by methods known in 
the art, such as, for example, computer design programs that 

30 assist in the design of cqn^ounds that specif icaily interact 
with a receptor site. 

An example of such :a program - is LUDI (Biosym 
Technologies - San Diego, CA) (see also. Lam, et al.. Science 
2£1:380, 1994; Thoznpson, et al . , J. Med. Cbem. , 17:3100, 1994). 

35 The binding pocket and particularly the amino acid 

residues that have been ^ identified as being involved as 
inhibitor binding can be used as. anchor points for inhibitor 
design. 
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The design of sit -specific herbicides is 
advantageous in the control of weed species that may 
spontcineously develop herbicid resistance in the field, 
particularly due to mutations in the AHAS gene. 

5 

HGThlcide-RGalBtiajat: AHAS V^lantia: DNA. VectoTB. and 

The present invention also enconpasses isolated DNA 
molecules encoding variant herbicide- resistant AHAS 
10 polypeptides. Genes encoding AHAS polypeptides according to 
the present invention may be derived from any species and 
preferably a plant species, and mutations conferring herbicide 
. resistance may be introduced at-equivalent positions within any 
of these AHAS genes. The equivalence of a given codon position 
15 in different AHAS genes' is a function of both the conservation 
of primary amino acid sequence and its protein and the 
retention of similar three-dimensional structure. For excunple, 
, Figure 5 illustrates the high degree of sequence homology 
between AHAS polypeptides derived from different plant species. 
20 These AHAS polypeptides exhibit at least cd^out 60 to about 70% 
overall homology. Without^ wishing to be bound by theory, it 
is believed that in regions of the polypeptide having a highly 
. conserved sequence, . the polypeptide chain conformation will 
. also be preserved. Thus, it is possible to use an AHAS- 
25 encoding sequence from one species for molecular modelling, to 
introduce mutations predictively into an AHAS gene from a 
second species for initial testing and iterative inprovement, 
amd finally, to introduce the optimized mutations into AHAS 
derived from yet a third plant species for expression in a 
30 transgenic plant. 

In one series of embodiment, these AHAS DNAs encode 
variants of an AHAS. polypeptide and preferably of the maize 
AHAS polypeptide of Figure 1 in which the polypeptide is 
modified by substitution at or deletion preceding or following 
35 one or more of Figure 1 amino acid residues P48, 649, S52, M53, 

E54, A84. A95, T96, S97, G98, P99, GlOO, AlOl, V125, R127, 
R128, M129, 1130, G131, T132, D133, F135, Q136, D186, 1187, 
T259, T260, L261, M262, G263, R276, M277, L278, G279, H281, 
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G282, T283, V284, G300, V301, R302, F303, D304, R306, V307, 
T308, G309, K310, 1311, E312, A313, F314, A31S, S316, R317, 
A318, K319, 1320, E329, 1330, K332. N333, K334, Q33S, T404, 
G413, V414, G415, 0.416,, H417, Q418, .M419, W420, A42i, A422, 
5 L434, S435, S436, A437, G438, L439, 6440, A441, M442, G443, 
D467,. G468, S469 , L471, , N473/ L477,, ;JW479.i. Q495;4 .H^^^ L497, 
G49B, M499, V501, Q502, Q504, D505, R506 , Y508 > >RS09', A510, 
N511, R512, A513, H514,. T515» ;.S524v ;H572; 0573, E574, HS75, 
V576, I4577, E578, M579, .1580, P581., G583, G584, fuiictional 

10 equivalents of amy of the. foregoing; rihsertions br de^^ 

between. Figure 1 Q124 and H150. ..or ftinctional iequivalents 
ther^^of ;. insertions or deletions between Figure 1 G300 and D324 
or functional equivalents, thereof ; and any combinatibn of any 
of the foregoing thereof. - 

15 The mutations, , whether introduced into 'the 

polypeptide of Figure 1 or at equivalent positions in aiiother 
plant AHAS gene, may comprise alterations in DNA sequence that 
result in a siznple substitution of >any one or more othei: amino 
acids or deletions of ;up to 5 amino: acid residues prbc^eding 

20 or up to 5 amino acids residues following any of the^r^sidehce 
listed, above . Suitable amino ; acid substituents incltide , but 
are not limited to, naturally occurring amino acids • 

Alternatively, the mutations: may con5)rise alterations 
in DNA sequence such that one or more amino acids are added or 

25 deleted in frame at- the; above positions. Preferably, additions 
comprise about 3 to about .30 nucleotides, and'^ dibletions 
con^rise about 3 ;to about- 3Q nucleotides. Purtheniiore , a 
single mutamt polypeptide may contain more than one similar or 
different mutation. , : • ' 

30 The present invention encoxipasses / ^ DNA and 

corresponding RNA sequences, as well as sense and antisense 
sequences. Nucleic acid sequences encoding AHAS polypeptides 
may be flanked by natural AHAS regulatory secjuences, or may be 
associated with heterologous sequences, including promoters, 

35 enhancers, response elements , signal sequences , polyadenylation 
sequences , introns , 5 ' - and 3 ' - noncoding regions , arid the 
like. Furth rmpr , the nucleic acids can be modified to alter 
stability, soliibility, binding affinity and specificity. For 



9633270A1_1 _> 



wo 96/33270 



30 



PGT/US96/05782 



exazr^le, variaint AHAS- encoding sequences can be selectively 
methylated. The nucleic acid sequences of the present 
invention may also b modified with a label capable of 
providing a detectable signal, either directly or indirectly. 
5 Exemplary labels Include. radioisotopes, fluorescent molecules, 
biotin, and the like. 

The invention also provides vectors comprising 
nucleic acids encoding AHAS. variants. A large number of 
vectors, including plasmid \ahd fungal vectors, have been 

10 described for expression in a . variety of euJcaryotic and 
. protoryotic hosts. Advantageously, Vectors may also include 
a promptor operably linked to the. AHAS encoding portion. The 
encoded AHAS may be expressed by using any suitable vectors and 
host cells, using methods disclosed or cited herein or 

15 otherwise known to S:ho8e skilled in the relevant art. Exeunples 
of suitable vectors include without limitation pBIN-based 
vectors , pBluescript vectors', and p6EM vectors • 

The present invention also encompasses both variant 
herbicide* resistant AHAS polypeptides or peptide fragments 

20. thereof . As e3q)lained above, the variant AHAS polypeptides may 
be derived from the maize polypeptide shown in Figure l or from 
amy plant or microbial AHAS polypeptide, preferably plant AHAS 
.polypeptide. The polypeptides may be further modified by, for 
example, phbsphorylation, sulfation, acylation, glycosylation, 

25 or other protein modif icationd . The polypeptides may be 
isolated from plants, or' frdm heterologous organisms or cells 
(Including, but not limited to, bacteria, yeast, insect, plant, 
. cmd mammalian., cells) into which the gene encoding a variant 
AHAS " polypeptide has been introduced and expressed. 

30 Furthermore, AHAS polypeptides may be modified with a label 
capable of providing a detectad^le signal , either directly or 
indirectly, including radioisotopes, fluorescent coinpounds, and 
the like. 

35 ^^^irf\l-rrFlfftf^nt PTftntg PlBnta Contriinina VAjriant: AHAS 

SSBBS 

The present invention encompasses trcuisgenic c lis, 
including, but not limited to seeds, organisms, and plants into 
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which genes encoding herbicide- resistant AHAS variants have 
been introduced. Won- limiting examples of suitable recipient 
plants are listed in Table 1 below: 



5 






COMMpK ITAMB 




lATIN KAME 












Maize 


Gramineae 


Zea mays 




Maize, Dent 


Gramineae 


Zea mays dentiformis 


10 


Maize, Flint 


Gramineae 


Zea mays vulgaris 




Maize, Pop 


Gramineae 


. Zea mays micrdsperma 




Maize, Soft 


Grasd.neae 


Zea niays amylacea 


. .. 


Maize, Sweet 


Gramineae 


Zeia mays 

amyleasaccharata 




Maiz^ , Sweet 


Gramineae 


Zea mays ^saccharate 


15 


Maize, Waxy 


Gramineae 


Zea mays ceratina 












Wheat, Dinkel 


Pooideae 


Triticiom spelta 




Wheat « Durum 


Pooideae 


Triticum durum 




Wheat . Enaliah 


Pooideae 


Triticum turcridum 


20 


Wheat . Liarae 
Spelt 




fTr i t i cum soe 1 1 a * 




Wheat. Polish 


Pooideae 


Triticum polonium 




Wheat , Poulard 


Pooideae 


Triticum turgidtim 


25 


Wheat:. 

Sinorleorained 


9r>o^ f^OA^ - • 


Tri t i cum inonoco/*f iim 




Wheat . Small 
Spelt 


Pooideae 


'Triticum mohococcum 

■ V » . . 




Wheat, Soft 


Pooideae 


Tritictam .aeetiyum 










^ u 




, Cjramxneae 


yj^ITY^CL ScluXVdL 




Rice, American 


Gramineae, 


Zizania aguatica 




Rice, Australian 


Gramineae 


Oryza australiensis 




Kxce, xncixan 


Gramineae , 


.2x.zanxa aguatxca 




Kxce, Kea 


Gramxneae 


uryza gxaoemnta . 




Rice, Tuscarora 


Grauxiineae 


Zizania aguatica 




Kxce , wes u 

African 


V7.ramxneae . 


W£^*4Scl ^XcU^6£^ikXIZ« 

> ... - ■ f ■. 










40 


Barley 


Pooideae - 


Hordeum vulgare 




Barley, 
Abyssinicm 
Intermediate , 
also Irregular 


. " .1 -■ . •* 


Hordeimi irregulat'e 


45 


Barley, 

Ancestral Tworow 


Pooideae 

■ . ' .. 1. ■ , • 


Hordeum spontaneum 




Barley* 
Beardless 


Pooideae 


Hordeum trifurcatum 




Barley, Egyptian 


Pooideae 


Hordeum trifurcatum 


50 


Barley, 
fourrowed 


Pooideae 


Hordeum vulgare 
polystichon 
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COMMON MAMB 








Barley, sixrowed 


Pooideae 


Hordeum vulgare 
hexastichon 




Barley, Tworowed 


Pooideae 


Hordeum distichon 












Cotton, Abroma 


Dicotyledoneae 


Abrorna augusta 


5 


Cotton, American 
Upland 


Malvacea.e 


Gossypium hirsutum 




Cotton, Asiatic 
Tree , also 
Indian Tree ** 


Malvaceae 


Gossypium arboreum 


10 

. - • 


Cotton, 

Brazilian, also. 
Kidney, and, 

Pemambuco 


Malvaceae . 

... •- * ' 


Gossypium barbadense 
brasiliense 




Cotton , Levant 


Malvaceae 


Gossypium herbaceum 


15 


Cotton, Long 
Silk, also Long 
Staple, Sea 
Island 


Malvaceae 


Gossypiiim. barbadense 


20 


Cotton , Mexicam , 
also Short 
Staple 


Malvaceae 

■ 

• 


Gossypiiim hirsutxim 












Soybean, Soya 


Leguminosae 


Glycxne max 










25 


Sugar beet 


Chenopodiaceae . 


Beta vulgaris 
altissima 












Sugar cane 


Woody* plant . , 


Arenga pinnata 












Tomato . 


Solanaceae 

- * • • • * ■ 


Lycopersicon 
esculentum 


30 


Tomato, Cherry 


Solanaceae 


Lycopersicon 
esculentxim 
cerasx forme 


- 


Tomato , Common 


Solanaceae - 


Lycopersicon 
esculentum commune 




Tomato 1 Curraint 


Solanaceae . . 


Lycopersicon 
pimpinellif olium 




Tomato, Husk 


Solanaceae 


Physalxs xxocarpa 


35 


Tomato, Hyenas 


Solanaceae 


Solanum incanum 




Tomato, Pear 


Solanaceae 


Lycopersicon 

esculentum pyri forme 




Tomato, Tree 


Soleuiaceae 


Cyphomandra betacea 




* 








Potato 


Solanaceae 


Solanum tuberosum 


40 










Potato, Spanish, 

Sweet potato 


Convolvulaceae 


Ipomoea batatas 












Rye , Common 


C5 ^3^^^^ ^5 


Secale c reale 


45 


Rye , Mountain 


Pooideae 


Secale montanvim 






1 
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COMMON KAME 


FAMILY 


LATIN NAME 


Pepper, Beir 


Solainaceae 


Capsicum annuxim 

^ ^ p p i > > 


Pepper , Bird , 

3.1 so Ca.veiiiie 
Guinea 


Solanaceae 


Capsicum annuum 

• • • 


Peooer Sonnet" 






Pepper, 
Sweet 


Solanaceae 


Capsicum .annuum 






cerasif orme - • : 


also Red Clustier 




^ciy p A will m cuuxw*uuiv 

f asciculatxliri 


Pepper , Cone 


Solanaceae 

» ! * ■ 


Caps iqtim: annuuxijt 


Pepper # Goat, 

also "Sntiir 




Capsicum frutescens 


PeoDer . lioncr 


0 ^ G» AAGL W ^POC 


wO^B X W UUl ^ X U ^ ^B ^CSUB 

loncrum 


Pepper, 

Oranaxnental Red , 
also Wrinkled 


Solanaceae . 


Ca$>sicum annuum^ 
abbreviatum ' 


PeDDer« Tabasco 
Red 


Solanacsae 

• • * ' ■ ■ 


cpnoides . .. 








Lettuce, Garden 


Compopitae 


Lactuca sativa 


Lettuce, 
Celery 


Coxrpositae 


Lactuca sativa 

• ■ " . ^ " • ■ 


Lettuce, Blue 


Compos itae 


Lactuca perennis^ ; 


also Chicoxy ; 


L«ouiposxuae 


Xiacuuca puxcnexxa.^ 

" . .•-■>'» • ''_■*, .. 


Lettuce, 
Cabbage, also 


Con^ositae . 


Lactuca sativa - 
capitata 


i^e wcuce , COS , . 
also Longleaf , 


J-Hll__ LJ f «b ^ >^ 

uoinposxtae,. 

-5- , r ■••^ i— 


Lactuca satxva 
longifolia . 


Lettuce, 
Crinkle, also 
Curled. Cuttina. . 
Leaf 


Con^ositae 

• f : . , 
■ - ■ ' . 1. - • 


Lactuca sativa 
crispa .1 








cexerjjr 


uniDe X X jc £ erae^ 


iipxum graveoxens 


Celsrv. 

Blanching, also 
Garden 


WMik/V A JU flb Jr> C» w 


dulce 

* • 


Celery, Root, 
also 

Tumiprooted 


Umbellif erae 


Apium graveolens 
rapaceum 








Eggpl ant , Garden 


Solanac ae 


Solajium melongena 









10 



15 



20 



25 



30 



35 



40 



45 
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COMMOM NJ1M8 


FAMILY 


LATIN NAME 


Sorghum 


Sorghum 


All crop species 








Alfalfa 


Leguminosae . > 


Medi^caoo aarivum 


* 






Carrot 


Umbellif erae 


Daiir'na r*aT*r>t'ia aa^-i^ra 
^Au^uo Vi»a.^UL..cL odwxva 








Bean , CI ixnbing 


Leguminosae 

* * • * ' * * 


Phaseolus vulgaris 
vulgaris 


Bean« SDrouts 




iriicLoeoxuB auxeuo 


Bean. Braz±l±an 
Broad 


mvsvj mil AX.iwpttC 


\i«azicivaxxa . ensxxormxs 


Bean • Broad 






Bean, common, 

also Frencli. 
White, Kidney 


Leguminosae 


Phaseolus vulgaris 

- 


Beaji , Egypt ian 


Leguminosae 


Dolichos lablab 


Bean, Long, also 
Yardlona 


Leguminosae 


Vigna sesquipedalls 


Bean, Winged 


Leguminosae - 

* - ■ 


Ps ophocarpus 
t e t ragono 1 obus 








Tree 


Avezia. 


Sativa 


Cat, Biacic, also 
Bristle. 

Lopsided 


Avena 


Strigosa 


Oat, Bristle 


Avena 










Pea, also 
Garden - Green 
. Shelling 


Leguminosae 


Pisum, sativum 

sauxvuixi' 


Pea . Bladceved 




vjigrici sxnensis 


Pea, Edible 

Podded' 


Leguminosae 


Pisum sativum 
axxpmum 


Pea* 6t*ov 


ij6 giixiii nos a e 


Fxsum sacxvum 


Pea . Winaed 




X tS U X WllOX OOUS 

purpureus 


Pea. WrxnJclerl 


AJC^ mil A aaOocHS 


irxsuxn sauivum 
medullare 








Sunflower 


Con^ositae 


Hel ian thus annuus 








Winter 


X y O w jr X eOlOuSciC 


wucuroxca roaxxroa 


Squash, Bush, 
also Summer 


D i CO t y 1 edoneae 


Cucurbita pepo 
melopepo 


Squash, Turban 


Dicotyledoneae 


Cucurbita maxima 
turbanif ormis 




* 




Cucximber 


Dicotyledoneae 


Cucumis sativus 
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CC3MMON NAME 


FAMILY 


LATIN KAMB 


Cucumber * 
A£ricaui, also 
Bitter 


1 * • ■ » * 

3 

I* • 


Momordica charantia 

' ■ ' 


Cucumber, 

Squirting, also 

Wild 


III H * ♦ 

■ ' , . . , t - - 


Ecballium elaterium 


Cucumber, Wild; 


•- 


Cucumis angiiria 








Poplar, : 
California 


Woody- Plaint : 


Popui^us ::t r.i£hpcarpa 


Poplar, European 
Black . 


«■ ■ * ■ * ' . 


Populus nigfra r: . 


Poplar, Gray 


" ' ... ^■ 

■ ' „ • - '■ 


Populus cauiescens 


Poplar, Lombardy 




Populus italica i 


Poplar, 

Silyerl^af , al^o 

White i:: 


,- » — •• ' • - * "* " 

• - > 

. . ' ■ ■** * - ' * 


Populus alba.. . 

* ** * - ^ 1 ■ -■ 


Poplar, Western 
Balsam 


.« • ■ ' 


Populus . trijchbcarpa 


- 







Tobacco 


Solanaceae ' ' 


Nicotiana 








Arabidopsis 

Thaliana 


Cruciferae 


Arabidopsis thaliana 

.. . . » . ,►.. '•■■•>«■ 








Turfgrass 


Lolium 




Turf grass 


Agrostis 






Other families of 
turfgrass 


_ ...». • • * " 




1.,. 




clover 


Leguminosae 
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Expression of the :^variant AHAS polypeptides in 
transgenic plants confers a - high level of resistance to 

herbicides including, but not limited _ to # imidar^olinone 

herbicides such as, for example , imazethapyr (PURSUIT*) , 
allowing the use of these herbiCij^es- during, cultivation of the 
transgenic plants. 

Methods for the introductioxi of foreign genes into 
plants are known in the art. Non* limiting examples of such 
methods include Agrobacterium infection, particle bombardment, 
polyethylene glycol (PEG) treatment of protoplasts, 
electroporation of protoplasts, microinjection, macroinjection, 
tiller injection, pollen tube pathway, dry seed, imbibition, 
laser perforation, and electrophoresis. These methods are 
described in, for example, B. Jenes et al*, and S.w. Ritchie 
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et al. In Transgenic Plants, Vol. 1, Engineering and 
Utilization, ed. S.-D. Kung, R. Wu, Academic Press, Inc., 
Harcourt Brace Jovanovich 1993; and L. Mannonen et al., 
Critical Reviews In Biotechnology, 11:287-310, 1994. 
5 In a preferred embodiment, the ONA encoding a variant 

AHAS is cloned into a DNA vector containing an amtibiotic 
resistance marker gene, and the recombinsuit AHAS DNA- containing 
plasmid is introduced into Agrol>acteriiun timefaclens containing 
a Ti plasmid. This "binary vector system" is described in, for 

10 exanqple, U.S. Patent No. 4, 490,838, and in An et al.. Plant 
Mol. Biol. Manual A3 :1-19 (1988) . The transformed Ag^robacterium 
is then co- cultivated with leaf disks from the recipient plant 
to allow infection and . transformation of plant cells. 
Transformed plant cells are then cultivated in regeneration 

15 medium, which promotes the formation of shoots, first in the 
presence of the . appropriate antibiotic to select for 
. transformed cells, then in the presence of herbicide. In plant 
cells successfully transformed with DNA encoding herbicide- 
resistant AHAS, shoot formation occurs even in the presence of 

20 levels of herbicide that inhibit shoot formation from non- 
transformed cells. After confirming the presence of variant 
. AHAS DNA using, for. exazt^le, polymerase chain reaction (PCR) 
, transformed. plants are tested for their ability to 

withstand herbicide spraying and for their capabilities for 

25. seed germination and root, initiation and proliferation in the 
presence of herbicide. 

Other Aopllc a^tlnna 

The methods and compositions of the present invention 

30 can be used in the structure -based- rational design of 
herbicide -resistant AHAS. variauits, which can be incorporated 
into pleuxts to confer, selective herbicide resistance on the 
plants. Intermediate varieuits of AHAS (for example, variants 
that exhibit sub* optimal specific activity but high resistance 

35 euid selectivity, or the converse) are useful as templates for 
the design of second- generation AHAS variants that retain 
adequate specific activity and high resistance and selectivity. 
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Herbicide resistant AHAS genes can be transformed 
into crop species in single or- multiple copies to confer 
herbicide resistance. Genetic engineering of crop species with 
reduced sensitivity to herbicides can: - 
5 (1) Increase the spectrum 'and flexibility of 

application, of specif ic .effective and environmentally benign 
herbicides such as imidazolinone herbicides ; • 

(2) Enhance .: the commercial value '^of these 
herbicides;. , , ■\ .-^ ^ .i.. 

10 (3) Reduce weed pressure in crop fields by effective 

use of herbicides on herbicide resistant crop species and a 
pprresponding increase . in harvest yields; * ~ ^ 

(4) Increase sales .of seed for herbicide- resistant 
plaj:i^ts;.. - ..-r.' • ■ • -'\-".r - 

.15 (5) Increase resistance to crop damage from carry- 

over of herbicides applied. in a previous planting; ' ' 

(6) Decrease susceptibility to^chahges in herbicide 
characteristics due. to adverse climate conditions;' and - 

(7) Increase tolerauice ti0 unevenly or rnik- applied 
20 herbicides., — 

For exainplc, transgenic AHAS varlant^ 
containing plants can be cultivated/ The crop dan b6 treated 
with a weed controlling effective amount of the -herbicide to 
which the AHAS variant transgeni*c plant is resistant ;' Resulting 

25 in weed control in the crop without detrimentally affedting the 
cultivated crop, . :* ^ 

The DNA vectors described ahave that encode 
herbicide- resistant AHAS varismts can. be further utilized so 
that expression of the AHAS variant provides a selectable 

30 marker for transformation, of cells by the vector. The intended 
recipient cells xnay be in: cult^ure or in situ, and the AHAS 
variant genes may be used alone or in combination with other 
selectable markers. The only requirement is that the recipient 
cell is sensitive to the cytotoxic effects of the cognate 

35 herbicide. This embodiment takes advantage of the relative low 
cost and lack of toxicity of ,, for exaucple, imidazolinone -based 
herbicides, and may be applied in any system that requires DNA- 
mediated transformation. 
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with rcBPeet to Preferred f»ft>yy^|^^n^g 
Th following examples are intended to illustrate the 
present invention without liznitation. 

5 Example I; Peflicm of herbicide- resistant AHAS varianta 

Residues located close to the proposed herbicide 
binding site of the model described in detail above were 
selected for mutagenesis in order to design an active AHAS 
polypeptide with decreased herbicide binding capacity. Each 

10 site at the surface of the pocket was ' considered in terms of 
potential interactions with other residues in the pocket, as 
well as with cof actors and herbicides. For exaznple/ addition 
of positively charged residue (s) is expected to interfere with 
the charge distribution within the binding site/ resulting in 

15 a loss in affinity of binding of a negatively- charged 
herbicide . 

Three residues were identified as most useful targets 
for mutagenesis: 

(1) F135 was believed to interact with both the 
20 isoalloxazine ring of FAD and with the aromatic group of the 

herbicides « In accordance with the strategy of introducing 
more charged residues into the binding pocket, this residue was 
changed to arginine« 

(2) MS3 contacts helix 498-507. This helix contains 
25 known herbicide : resistance mutation sites and is also 

in^licated in TPP binding. Furthermore, substitution of 
glutamic acid at position 53 was believed to favor an 
interaction with K185, reducing the affinity of K185 for the 
carboxyl ate group of imazethapyr. 
30 <3) Riaa is located near the entrance to the pocket, 

where it was believed to be involved in the initial transport 
of charged herbicides into the binding pocket. This residue 
was changed to alanine to remove both its charge and its long 
hydrophobic side chain. 

35 
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resistant var-lanrA 

The Arabldopsis MSAS gene was inserted in- frame to 
5 the 3' end of the coding region of the glutathione S- 
transferase, gene in - the . pGEX,,2T vector -{Phannacia) . 
Construction of the yeptpr in this manner maintained the six 
amino acid throml?in recognition sequence at the jiincticsn of the 
expressed glutathione-S- transferase (GST) /AHftS fusion protein. 
10 Thrombin digestion of the expressed fusion proteiil results in 
an AHAS protein with an N- terminal, starting positibn at thi end 
: °^ transit peptide at a putative transit peptide processing 
i^f*^^^ from the 

[ \ ^o°^ site, , The final amino t^rminu^ of the 

15 cleaved AHAS protein consists of Gly-Ser-Ser-ile-Ser^ Site- 
directed, mutations were Introduced iht6 the AHAS gene in this 
vector. . 

site-directed mutations were constructed according 
to the PGR method of Hlguchi (JJecombiaaat PGR; tn^MA ihhis, et 

20 al. PGR Protocola: A, Guide to Methods and Applicatx'ona, 
Academic Press. San Diego, pp. I77vi83/ 1990) : ' - T^^ 
products, each- of which overlap the 'imitatl«i^ iitfef were 
amplified. The primers in ;the overlap regibn cbntaiiiid the 
mutation. The overlapping PGR amplified fra^iit^ were 

25 combined, denatured, and allowed to- re -anneal together, 
producing two possible heteroduplex products with reo^ssed 3 ^ - 
ends. The recessed 3' - euds were extended by Tag DNA polyAierase 
to produce a fragment, that was the= sum of the two bvef lapping 
PGR products containing the desired mutation. A subsequ^it re- 

30 an?)lification of this fragmejit with only- the two »oiitside" 
primers resulted in the enrichment of the full-length product. 
The product containing the mutation was then re- introduced into 
the Arabidppsis AHAS gene in the: pGEX.2T vector. 



ign and Purification of ahas y 
A. Methods 

E. Coli (DH5a) cells transformed with the pGEX-2T 
vector containing either the maiz wild type AHAS gene (vector 
designation pAG751) . the Arabldopaia Ser6S3Asn mutant, or the 
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Arabxdopsls Ile401Phe mutanc were grown overnight in LB broth 
containing 50 /xg/mL ampicillin. The overnight culture of £. 
coli was diluted 1:10 in l L LB« 50 /xg/mL as^icillin, and 0.1% 
v/v antif oam A* The culture was incubated at 37®C with shaking 
5 until the OD^oo ' reached approximately 0.8. 
Isopropylthiogalactose (IPTG)- was added to a final 
concentration of l znM and the culture was incubated for 3 more 
hours. 

Cells were harvested by centrifugation at 8,670 xg 

10. for. 10 minutes in a JA* 10 rotor and resuspended in 1/lOOth of 
the original culture volume in MTPBS (16 mM Na3HP04, 4 mM 
NaH2P04, 150 xnM NaCl, pH 7.3) . Triton X- 100 and lysbzyme were 
added to a final concentration of 1% v/v and lOO' /xg/mL, 
respectively. Cells were incubated at 3b®C for 15 minutes 

15 cooled to 4*C on ice, and were lysed by sonication for 10 
seconds at level 7 with a Branson Sonif ier Cell Disrupter 
equipped with a microtip probe. The cell free extract was 
centrifuged at 35,000 xg for 10 min. at 4''C. The supernatant 
was decanted and the centrifugation step was repeated. 

20 Purification 6£ expressed fusion proteins was 

. performed as modified from Smith and Johnson (Gene £Z.:31*40, 
1988) . The supematsmt was warmed to room temperature eind was 
^ passed through a 2 ml^ column of glutathione -agarose beads 
(sulfur linkage, Sigma) equilibrated in MTPBS. The column was 

25 subsequently washed with MTPBS at room temperature until the 
A310 of elueuit matched that of MTPBS. The fusion protein was 
then eluted using a solution containing 5 xnM reduced 
glutathione in 50 mM Tris HCL, piEi 8.0. The eluted fusion 
protein was treated with approximately 30 NIH units of thrombin 

30^ and dialyzed against 50 mM citrate pH 6.5 and 150 mM NaCl. 

The fusion protein was digested overnight at room 
temperature. Digested samples were dialyzed against MTPBS and 
passed twice through a glutathione -agarose column equilibrated 
in MTPBS to remove the released glutathione trams f erase 

35 protein. The protein fraction that did not bind to the coluxrai 
was collected and was concentrated by ultrafiltration on a YMIO 
filter (Amicon) • The concentrated sample was loaded onto a 1.5 
X 95 cm Sephacryl S-100 gel filtration column equilibrated in 
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gel filtration buffer (50 inM HEPES/ 150 mM NaCl, pH 7.0) . Two 
mL fractions were collected at a flow rate of 0.14 mL/min. 
Enzyme stability was tested by storage of the enzyme at 4«C in 
gel filtration buff er with the addition of 0.02% sodium azide 
and in the presence or, absence of 2 mM thi^attine pyrophosphate 
and 100 ijM flavin adenine dinucleotide (FAD) j \ ■ ; - 

E. coll transformed with the pACTSl'"^ plasmid 
containing the wide- type AHAS. gene fused downstream and in- 
frame, with the GST. gene eacpressed/a 91 kD protein when induced 
with ?PTG. The 91 )cD protein exhibited the predicted molecular 
- ^ a GST/AHAS fusion protein (the sum of 26 ki) and 65 kD, 
respectively) . when the cell free- extract of DH5a /pAGTSi was 
passed through a glutathione -agarose affinity gel, washed, and 
eluted with free glutathione .it. yielded: a preparation enriched 
in the 91 kD protein (Figure 6„ lane C) . / The six amino acid 
thrombin recognition site engineered . in the jiinction otcQST and 
AHAS was successfully cleaved by thrombin (Figure 6, lane D) . 
The cleaved fusion protein • preparation cohSisted- of the 
expected 26 kD GST protein and the 65 kD maize AHAS protein. 
Maize AHAS was purified to homogeneity by a. second pass through 
the glutathione- agarose column tA ;af f inity flxibt race GST and 
subjected to a final Sephacryl 9,100 gel :f lltratioh- step to 
eliminated thrombin .(Figure 6,,: lane El. .The- 6S kD protein is 
recognized on western blots by . a . monoclonal antibody • raised 
against a maize .AHAS pepjtide. : : ; : - 

. type maize AHAS ' was ^ analyzed by 
mass spectrometry and- was . determined feb have a 
molecular mass of , 64.,996- daltons , (data; not shown) ; The 
30 predicted mass, as calculated- from .the deduced" amino acid 
sequence of the gene inserted into the pGEX-2T vector, is 
65,058. The 0.096% discrepancy between the empirically 
determine^ and predicted mass was within tuning variability of 
the mass spectrometer. The close proximity of the two mass 
determinations suggests, that there were no misincorporated 
nucleotides during construction of the expression vector, nor 
any post-translational modifications to the protein that would 
cause gross changes in molecular mass. Moreover, the lack of 
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spurious peaks in the preparation of purified enzyme indicated 
that the sanple was free of contamination* 

Example 4; Enzvmatic properties of AHAS variants 

5 The enzymatic , properties of wild* type and variant 

AHAS produced in E. coll were measured by a modification of the 
method of Singh et al. (Anai. Biochem 171 ;173*179. 1988) as 
follows: 

A reaction mixture containing IX AKAS assay buffer 
10 (50 mM HEPES pH 7.0, . 100 mM pyruvate/ 10 mM MgCl,, 1 mM 
thiamine pyrophosphate (TPP) , auid 50 /iM flavin adenine 
dinucleotide (FAD)} was obtained either by dilution of enzyme 
in 2X assay buffer or by addition of concentrated enzymie to IX 
AHAS assay buffer. All assays containing imazethapyr and 
15 associated controls contained a final concentration of 5% DMSO 
due to addition of imazethapyr to assay mixtures as a 50% DMSO 
solution. Assays were performed in a final volume of 250 fih 
. at 37^C in microt iter plates. After allowing the reaction to 
proceed for 60 minutes, acetolactate accuxmilation was measured 
20- colorimetrically as described by Singh et al.. Anal. Biochem 

121:173-179, 1988. \ . 

» - Maize AKAS esqpressed and purified from pAC751 as 

— - described in Example 3 above is active in the conversion of 
pyruvate to acetolactate. Full AHAS activity is dependent on 

25 the presence of the. cof actors FAD and TPP in the assay medium. 
No activity was detected when only FAD was added to the assay 
medium. The activity of the purified enzyme with TPP only, or 
with no cof actors., was less than .1% of the activity detected 
in the presence of both TPP and FAD. Normally, AHAS present 

30 in crude plant extracts is very labile, particularly in the 
absence of substrate and cof actors. In contrast, the purified 

• f . 

AHAS from the bacterial expression system showed no loss in 
catalytic activity when stored for one month at 4**C in 50 mM 
HEPES pH 7.0, 150 nM NaCl, 0.02% JUaSy in the presence or 
35 absence of FAD and TPP. Furthermore, no degradation products 
were visibl from these stored preparations when resolved in 
SDStPAGE gels. 
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The specific activities of wild- type AHAS and the 
M124E, R199A, and:F206R variants are sho%m in Table 2 below. 
As determined from the alignment in Figure 5, the M124E 
mutation in Arabidop^is , AHAS is the equivalent of the maize 
M53E mutation, the t R199A mutation in AraJbidopsis is the 
equivalent of the maisje R128A mutation^ and the F206R mutation 
in Arabidppsis is the equivalent . of the maize F13SR mutation. 
The mutations designed in the maize AHAS structural model were 
. identify the equivalent amino acid in the dicot 
Arabidopsis AHAS gene euid were Incorporated ind tested in the 
Arabidppsis AHAS gene. This translation and incorporation of 
^^^AP^^^^Y designed herbicide mutations into the dicot 
Arabxdopais AHAS gene can facilitate evaluation of herbicide 
resistance in plants of a dicot- species ■ 



SPECIFIC ACTTOTTy 





Specific Activity 


» Catalytic Activity 
as Con^ared to . Wild 
Type 


Wild-Type 


99.8 


100 ' 


Hetl246iu 


9.15 




Argl99Ala 


86.3 


66.5 


Phe20<!Ar9 


5.07 


5.1 



25 



30 



35 



The R199A nnjtation maintains a high level of 
catalytic activity (Table 2) while exhibiting a significant 
level of resistance to imazethapyr (Fii^re '7) . Notablir, this 
variant retains conplete sensitivity to sulfonylureas (Figure 
8) . Thus, this variant fulfills the criteria of high specific 
activity and selective herbicide resistance.' fiy contrast, the 
M124E sxibstitution resulted in almost coinpiete resistance to 
imazethapyr (Fijgure 7) but - also ' exhibited severely reduced 
catalytic activity (Table 2). - Relative to imidazoiinone 
resistance, this variant exhibits greater sensitivity to 
sulfonylurea (Figure 8) , suggesting that this residue is a good 

creating a mutation that donfers selective 
Sxibstitution of an amino acid other than glutamic 
acid may h Ip to maintain catalytic activity. The F206R 
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substitution yielded similar results to those observed with 
M124E variant, but lacked selectivity in resistsmce. 

Bx^inpjie 5; iterative Improvement of AHA5 

5 Herbicide ^Resistant Variant 

IZaina —a Rational Peg ion 

- Approach 

Changing residue 124 in AHAS from Met to 61u as 

described in Example 4 above conferred imidazolinone resistance 

10 but also reduced enzymatic activity to 9.2% of the wild type 
value. The model of the maize AHAS structure described above 
suggested that Met53 (equivalent to the AraJbidfopsis Metl24 
residue) interacts with a series of hydrophobic residues on the 
face of an or-helix that is derived from a separate subtuiit but 

15 are in close, proximity to Met53. Thus, the hydrophobic 
interaction between Met53 and the residues on the helix may 
stad3ilize both subunit/subunit association and the conformation 
of the active site. It was believed that the sxibstitution of 
the hydrophobic Met residue with a charged glutamate residue 

2.0 most probably destabilizes the inter- s\ib\init hydrophobic 
interaction emd results in a loiss of catalytic activity. 

Based on this structure/ function analysis « the 
. activity of the original AraJbi dopsis Meti24Glu (equivalent to 
maize MetSBGlu) mutant enzyme was then iteratively improved by 

25 substituting a more hydrophobic amino acid (lie) at this 
position. The hydrophobic nature of the lie side chain 
.resulted in restoration :of activity to wild type levels 
. (specific activity of 1,02, equivalent to 102% of the wild- type 
attivity) , but the greater bulk: of the lie side chain was still 

30 able to maintain a significant level of imidazolinone 
resistance (Figure 9) . 

By comparison, substitution of a histidine residue 
at this position resulting in an AHAS variant exhibiting a 
specific activity of 42.5, equivalent to 42.6% of the wild-type 

35 activity. This mutant, nonetheless, exhibited a high degree 
of resistance to PURSUIT^ (Figure 10) . 

* ■ ■ * 
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Iterative Imorovemenc of AHAS 

Herbicide -Resiatant Variant 

Using a Rational Deaicm 



Approach 

5 Another example of iterative refiniement- using the 

methods of the present ' invention involves the Argl28Ala 
variant. The structural model at xx^lze AHAS suggested that 
the Argl28 residue, which resides at the lip of the herbicide 
binding pocket, contributes to channeling charged' substrates 

10 cuid herbicides into the herbicide bindingf pocket and into the 
active site. The Arg 128 residue is distant from the TPP 
moiety, which binds . the :initial pyruvate -molecule in the 
reaction mechanism of AHAS , : e3q:ilaining why the sixbstitution of 
Arabidppsis AHAS Argl99 (the equivalent to ^maize Argl28) to 

is ?ilsuiine had little effect on the catalytic activity of the 
enzyme. The structural model further indicated that a more 
radical change could be made at this position to raise the 
level of resistamce while maintaining high levels of catalytic 
activity. On this basis, an iterative improvement of the 

20 mutation was made to substitute the positively charge arglnine 
residue with a negatively . charged glutamate fe^^^^ The 
enzyme thus mutated had improved levels of resistance to 
PURSUIT* while maintaining ^ high levels of activity (specif ic 
activity of 114, equivalent to 114% of the wild- type activity) 

25 (Figure 11).. „ •^:>.■^ 

Example 7: Interchangeabilitv of AHftg Peraived ££Sm 

Different Sneclee in Structure-Based Rational 
Deaicm of Herbieide-Reflistant AHAS Va;rianta 

30 A structural model of the thr^ee-dimensioxial s^ 



of AHAS is built with a mbnbcot AHAS sequence such as that 
derived from maize, as described above. To introduce mutations 
into AHAS derived from a dicot species isuch as AraJbidqpsis, th 
sequences of AHAS derived from the monbcdt and dicot species 

35 are aligned using the GAP ajid PILEUP programs (Genetics 
Computer Group, 575 Sequence Drive, Madison, WI 53711). 
Equivalent positions are determined from the coznputer- generated 
alignment. The mutations are then introduced into the dicot 
AHAS gene as described above. Following expression of the 

40 mutant AHAS protein in £• coli and assessment of its 
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biochemical properties (i.e., specific activity and resistance 
to herbicides) , the mutant gene is introduc d into a dicot 
plant by plamt transformation methods as described above. 

5 Eaanolg &: production of Herbicide^Reaistant: Plants Hy 

Trans format ion with Rationally 
Designed AHA5 Genes ... 

. DKA ConstructB: 

10 Rationally designed AHAS variant genes contained 

within £. coll expression vectors were used as a source of DNA 
restriction fragments to replace the equivalent restriction 
fragment in a Arabidopsis AMAS gene. This gene is present in 
... a 5.5 kb genomic DNA fragment which also contains the 

15 Arabidopais AHAS promoter, the Arabidopsia AHAS termination 
sequence and 5'* and 3 '-flanking DNA. After DNA sequencing 
through the mutation si tela was performed to confirm the 
presence of the proper mutation, the entire 5.5 kb fragment 
from each plasmld was inserted into a pBIN based plant 

20 transformation vector (ttogen, Leiden, Netherlands) . The plant 
transformation vector also contains the neomycin 
phosphotrsulsf erase ZI (nptll) kanaxnycin resistance gene driven 
by the 35S cauliflower mosaic virus promoter. The final vector 
construct is displayed in Figure 12. Vectors, containing 

25 Arabidopsis AHAS genes with Met 124 lie, Metl24His, and Argl99Glu 
mutations (corresponding to Met53Ile, Met53His, and Argl28Glu 
. mutations in the maize AHAS sequence as sho%m in Figure 1) were 
labeled pJK062, pJK003, and pJK004, respectively • 

Each of these vectors was transformed into 

30- A^robacterium tumefstciena strain LBA4404 (R&D Life 
Technologies, Gaithersburg, MD) using the transformation method 
described in An et al.. Plant Mol. Biol. Manual ^zl-l9 (1988) . 
. Plant: Trana formation: 

Leaf disc transformation of Nlcotlauia tabacum cv. 

35 Wisconsin 38 was performed as described by Horsch et al. 
(Science, 222^ 1229-1231, 1985) with slight modifications. 
Leaf discs were cut from plants grown under sterile conditions 
auid CO* cultivated upsidedown in Murashige Skoog media (Sigma 
Chemical Co., St. Louis, MO) for 2*3 days at 25 C in darkn ss 
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with Affrobctcterium tumefaclens strains containing plasitiids 
PJK002, PJK003, or PJK004. , The discs werie blotted dry and 
transferred to. regeneration Murashige Skoog meditun with B5 
vitamins containing l mg/L benzyladenine and 0.1 mg/l 1-Napthyl 
5 Acetic Acid, 100 mg/L fca^^ mg/L cefotafjcime (all 

obtained from Sigma). 

Initially, transf ormants Weire selected by kanai^ 
resistance conferred by the nptll gene ; present : in the 
transformation vector. Shootjs derived from the leaf discs were 

10 excised and placed on fresh Muraaliige Skoog hoiroone. f media 
containing cefoteucime and . kanamycin . , . ■::t r 

In Vivo Herbicide RealBtance - , r : : : 

^ Kasiamycin-resti^tcuit tobacco shoots were itrcuasf erred 

to " medium containing a 0 . 25 ./xM ima.zethapyr .v -. At this 

15 concentration of the iinidazolinone herbicide, nonr transformed 
tobacco shoots (containing endpgenoiis wild- type AHAS) were not 
able to initiate root formation. By conti^iast^ root, initiation 
and growth were observed from tobacco shoots transformed with 
each of the muteuit AHAS genes. . Roots .deyelQped from shoots 

20 transformed with the Metl24Ile and Arg:l99Glu, mutant genes" along 
with wild type are shown in Figure 1. Furt^hermore," plants 
transformed with the Metl24Ile or A3^l99G4u mut^ were 
resistant to spraying with tw;ice th)^ fiel^i rate ,il«0 g/ha) of 
imazethapyr ( Figure 13). .The patterns pf ,roQtb growth in 

25 transf brmed vs . non- transf prmed„ plants, in the .r presence of 
herbicide, as well as the behayior, after he^rbicide:' -spraying 
suggest that ea^ression of the rationally deaigned, iierbicide 
resistance genes confers herbicide resistance -in vivo. 



30 Reaiatant I^ohacco 

Genomic ONA was isolated from the AHAS- transformed 
tobacco plamts, and the presence of the Arabidppsis AHAS 
variant genes was verified by PGR analysis . Differences 
between the nucleotide sequences of the Arabidopsis AHAS gen 

35 and the two tobacco AHAS genes were elicited to design PGR 
primers that anplify only the Arabidppsis gene in a tobacco 
genomic DNA background. The rationally designed herbicide 
resistance genes were detected, as shovm by an5>lif ication of 
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a DNA fragment of the proper size, in a majority of the 
herbicide resistant plants. No PCR signal was seen from non- 
transformed tobacco plants. 
Segregation of Trams f onaed AHAS Genes: 
5 To monitor segregation of rationally designed AHAS 

genes in transformed plaints, germination tests were performed. 
Seeds were placed in hormone- free Murashige-Skoog medium 
containing up to 2iS axM PURSUIT^ and 100 /xM kanamycin. The 
seedlings that resulted were visually scored for resistance or 

10 susceptibility to the herbicide. 

Since tobacco plants are diploid « it would be 
expected that the progeny of self -pollinated plants should 
segregjate 3:1 resistant : susceptible, reflecting the existence 
of 1 seedling homozygous for the resistant AHAS gene, 2 

15 seedlings heterozygous for the resistant AHAS gene, and i 
seedling lacking a resistant AHAS gene. 

The results indicate that resistant AHAS genes are 
segregating in the expected 3:1 ratio, supporting the 
conclusion that herbicide resistance is conferred by a single, 

20 dominant copy of a rationally designed AHAS gene. 

These results indicate that rational design of 
herbicide -resistant AHAS genes can be used to produce plants 
that exhibit herbicide resistant growth in vivo. 

25 Sxairele 9: Production of Plants Cross -Resistant to 

Different Herbicides bv Transformation 
with Rationally Designed AHAS Genes 

Tobacco plants transformed with rationally designed 

AHAS genes as described in Example 8 above were also tested 

30 for cross -res is teuice to another herbicide, CL 299,263 (also 
known as imazamox) . Germination tests were performed on seeds 
harvested from the primary trans fonnants containing the 
Metl24Ile, Metl24His, and Argl99Glu Arabidppsis AHAS variant 
genes, in the absence or presence of 2.5 ^ CL 299,263 (Figure 

35 15) . This concentration of the herbicide causes severe 
stunting and bleaching of wild- type tobacco plants. Tobacco 
plants transformed with the Metl24His AHAS gene showed the 
greatest lev 1 of resistance (Figure 15) . Argl99Glu 
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transf orznants showed an intermeciiate level of resistance, while 
Metl24Ile showed little resistance (Figure 15) « 

All patents, ; applications, . articles, ^ publications, 
5 and test methods mentioned ed^ove are hereby incorporated by 
reference. r - • • r-:^.--. 

Many variations of the present invention %ill suggest 
themselves to those skilled, in the art in light of the above 
detailed description. SuchfObvious ^variations are i^^ the 
10 full intended scope of> the appezKied claims. ' 
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1 1. A Structure -based modelling method for the 

2 production of an herbicide resistant AHAS variant 

3 protein, said method comprising: 

4 (a) aligning a target AHAS protein on pyruvate 

5 oxidase tenplate or an AHAS modelling equivalent thereof 

6 to derive the three-dimensional structure of said target 

7 AHAS protein; 

8 (b) modelling one or more herbicides into said 

9 three-dimensional structure to localize an herbicide 

10 binding pocket in said target AHAS protein; 

11 . (c) selecting as a target for a mutation an 

12 amino acid position in said target AHAS protein, wherein 

13 said mutation alters the affinity of at least one 
14. herbicide for said binding pocket; 

15 (d) mutating DNA encoding said target AHAS 

16 protein to produce a mutated DNA encoding a variant AHAS 

17 . containing said imitation at said position; and 

18 (e) expressing said mutated DNA in a first 

19 cell, under conditions in which said variant AHAS 

20 containing 1 said mutation at said position is produced. 

1 2» A structure -based modelling method as defined 

2. in claim .1, further comprising: 

3 (f ) expressing DNA encoding wild- type AHAS in 

4 parallel in a second cell; 

5 (g) purifying said wild- type and said variant 

6 AHAS proteins from said cells; 

7. (h) .assaying said wild- type and said variant 

8 AHAS proteins for catalytic activity in the conversion of 

9 . . pyruvate to acetolactate or in the condensation of 

10 pyruvate and 2-ketobutyrate to form acetohydroxybutyrate, 

11 in the adDsence and in. the presence of said at least one 

12 herbicide; and 

13 (i) repeating steps (c) - (h) , wherein said DNA 

14 encoding said variant of step (e) is used as the AHAS- 

15 encoding DNA in step (c) until a first herbicide 

16 resistant AHAS variant protein is identified having: 
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(i) in the absence of said at least one 

herbicide, 

(a) a catalytic activity alone 
sufficient to maintain the: viability of a cell in which 
it is e^qpressejd; .or 

.;(b) catalytic activity in 
combination with any. herbicide resistant' AliAS variant 
protein also expressed in said cell/ which may be the 
same as or different than said first AHAS variant 
. protein, sufficient to maintain the viability of a cell 
in which it is expressed; 

. wherein said cell requires AHAS 
activity for viability; and . . " 

(ii) catalytic activity that is more 
resistant to at least one herbicide than is' wild type 

AHAS. 

3. A struqture-based modelling method as 
defined in , claim 1, wherein said AHAS modelling 
equivalent is selected from the group consisting of 
transketolases , carboligases , and pyruvate ^decarboxylase . 

4.. A, Structure -based modelling method as defined 
in cladLm 2, wherein said catalytic activity in th 
cLbsence of said more than cme herbicide is more than 
about 20% of the catalytic activity of said wild- type 
AHAS in the eUoove of said at least one herbicide. 

5. A structure-based modelling method as defined 
in claim 4, wherein said herbicide is an imidazolinone 
herbicide, and said first herbicide -resistant AHAS variauit 



(i) > catalytic activity in the absence of 
said herbicide of more than about 20% of the catalytic 
activity of said wild- type AHAS; 

(ii) catalytic activity that is 
r latively more resistant to the presence of 
imidazolinone herbicides compared to wild type AHAS; and 
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7 (iii) catalytic activity that is 

8 relatively more sensitive to the presence of sulfonylurea 

9 herbicides cocpared to imidazolinone herbicides. 

1 6. A structure -based modelling method as defined 

2 in claim 1, wherein said herbicides are selected from the 

3 . group consisting of imidazolinones, * sulfonylureas, 

4 triaizolopyrimidine sulfonamides , pyrimidyl - oxy- benzoic 

5 acids, sulf cunoylureas sulf ocarboxamides, and combinations 

6 thereof. 

1 . 7. A Structure -based modelling method as defined 

2 in claim .1, wherein said target AHAS protein is derived 

3 from Arabidppsi9 ;thaliana. 

1 8. A stxncture.vbased modelling method as defined 

2 in claim 1, wherein said first cell is E. coll. 

1 9. A stinicture- based modelling method as defined 

2 in claim 2, wherein said first and second cells are E. 

3 calx. 

1 10. A structure -based modelling method as defined 

2 in claim 1, wherein said target AHAS protein conprises a 

3 protein having the. sequence of Figure 1 or a functional 

4 ..equivalent thereof. 

1 11. A structure^ based modelling method as defined 

2 in claim 1, wherein said mutation is selected from the 

3 group consisting of 

4 (1) substitution of at least one different amino 

5 acid residue at. an amino acid residue of the sequence of 

6 . Figure 1 selected from the group consisting of P48, 649, 

7 S52, M53, £54, A84, A95, T96, S97, G98, P99, 6100, AlOl, 

8 V12S, R127, R128, M129, 1130, 6131, T132, D133, P135, 

9 „ Q136, D186, 1187, T259, T260, L261, M2e2, 6263, R276, 

10 M277, L278, 6279, H281, . 6282, T283, V284, 6300, V301, 

11 R302, F303, D304, R306, V307, T308, 6309, K310, 1311, 
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12 E312, A313, F314. A315,. S316, R317, A318, K319, 1320, 

13 E329, 1330, K332, N333 , K334 , Q335, T404, G413 , V414 , 

14 G415, Q416, H417, Q418, M419, W420, A421, A422, L434 , 

15 S435, S436, A437, G438, L439, G440, A441, M442, G443 . 

16 D467, G468, .S469, L471, N473 , L477, M479, Q495, 'H496, 

17 L497, G498, .14499/ VSOl, Q502, Q504, D505, R506, Y508, 

18 K509, A510, N511, R512, A513, H5i4, TSlS, S524, H572 , 

19 Q573, E574, H|575, V576, L577, P578, MS79, 1580, P581, 

20 G583, and:.G5B4, fiinctional equivalents of any of the 

21 foregoing, and any combination of any of the foregoing ; 

22 (ii) deletion of up to 5 amino acid residues 

23 preceding « or up to 5 amino acid residues following at 

24 least one amino acid residue of the sequence of Figure 1 

25 selected from the group consisting of P48, G49, S52. M53, 

26 E54, A84, A95, T96, S97, G98, P99, GlOO, AlOl, V125, 

27 R127, R128, M129, 1130, 6131, T132, D133, F135, Q136, 

28 D186, 1187, T259, T260; L261, M262, G263, R276, M277, 

29 L278, G279, H281, G282, T283, V284, G300, V301, R302, 

30 F303, D304, R306, V307, T308, G309, K310, 1311, £312, 

31 A313, F314, A315, S316, R317, A318, K319, 1320, E329, 

32 1330, K332, N333, K334, Q335, T404, G413; V414, G415, 

33 Q416, H417, Q418, M419, W420, A421, A422, L434, S435, 

34 ^436, A437, 6438/ L439, G440, A441, 'M442, 6443, D467, 

35 6468, S469, ' L471, N473,i L477, M479, Q49^5, H496, L497, 

36 6498, M499, V501, QS02i Q5©4, DS05, R506, Y508, K509, 

37 A510, N511, R512, A513 , H514 ; "TS15 / S524V H572 , Q573, 

38 E574, H575, V576, L577, P578, M579 , 1580. P581, G 583, 

39 and 6584, functional^r equivalents of any of the foregoing, 

40 and any combination ofvany of the foregoing ; 

41 (iii) deletion of at least on^ amino acid 

42 residue or a :functional equivalent thereof between Q124 

43 and H150 of the sequence of Figure 1; ' 

44 (iv) addition of at least one amino acid residue or 

45 a functional equivalent thereof between Q124 and H150 of 

46 the sequence of Figure 1; 

47 (v) deletion of at least one amino acid residue or 

48 a functional equivalent thereof between G300 and D324 of 

49 the sequence of Figure 1; 
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50 (vi) addition of ac lease one amino acid residue or 

51 a functional equivalent thereof between G300 and D324 of 

52 the sequence of Figure 1; or 

53 (vii) any combination of any of the foregoing, 

1 12. A Structure-based modelling method as defined 

2 . in claim 11, wherein said substitution is selected from 

3 the group consisting of Met53Trp, Met53Glu, Met53Ile, 

4 Met53His, Argl28Ala, Argl28Glu, Phel35Arg, Ile330Phe, a 

5 functional equivalent of amy of the foregoing, or a 

6 combination of any of the foregoing. 

* • • * • * ' ^ 

1 13. A structure* based modelling method for the 

2 production of herbicide resistant AHAS variant protein, 

3 said method conprising: 

4 (a) aligning a target AHAS protein on a first 

5 AHAS template derived from a polypeptide having the 

6 sequence of Figure 1 or a functional equivalent thereof, 

7 to derive the three r dimensional structure of said target 

8 AHAS protein; 

9 (b) modelling one or more herbicides into said 

10 three-dimensional structure to localize an herbicide 

11 binding pocket in said target AHAS protein; 

12 (c) ' , selecting as a target for a mutation, at 

13 least one amino acid, position in said target AHAS 

14 protein, wherein said mutation alters the affinity of at 

15 least one herbicide for said binding pocket; 

16 (d) mutating DNA encoding said target AHAS 

17 protein to produce a mutated DNA encoding a variant AHAS 

18 containing the mutation at said position; and 

19 (e) expressing said mutated DNA in a 

20 first cell, under conditions in which said variant AHAS 

21 containing said mutation at said position is produced. 

1 14. A structure -based modelling method as defined 

2 in claim 13, further conprising: 

3 (f) e3q>ressing DNA encoding wild- type AHAS in 

4 parallel in a second cell; 
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(g) purifying said wild- type and said variant 
AHAS proteins from said cells; 

(h) assaying said wild- type and said variant 
AHAS proteins for catalytic activity in conversion of 
pyruvate to acetolactate or in the condensation of 
pyruvate and. 2 rketobutyrate to form acetohydroxybutyrate , 
in the cLbsence and in the- presence of ' Waid at least one 
herbicide; ajid/. : 

(i) repeating steps (c) - (h) / wherein said DNA 
encoding the variant of step^ (e) is used as the AHAS- 
encoding DNA in : step (c) until a first herbicide 
resistant AHAS varicmt protein is identified having: 

. (i) in the absence of said at least one 
herbicide, ^ - ^ 

(a) a catalytic activity alone 
sufficient to maintain the viability of a cell in which 
it is expressed; or 

(b) catalytic activity in 
combination with any: herbicide resistant "AHAS variant 
protein also esqjressed in said cell, whit:h may be the 
same aa or different -than said first AHAS variant 
protein, sufficient to maintain the viability of a cell 
in which -it is expressed; 

■ wherein said cell requires AHAS 
activity for viability;^: and 

(ii): xatalyti-c ^ activity that is more 

resistant to at least one herbicide thari^is wild type 
AHAS. _ - 

15. A stJTucture-based modelling method as defined 
in claim 14, wherein . said catalytic activity in the 
absence of said at. least one herbicide is more than cd)out 
20% of the catalytic activity of said wild- type AHAS. 

16. A structure -based modelling method as defined 
in claim 15, wherein said herbicide is an imidazolinone 
herbicide and said first herbicide resistant AHAS variant 
protein has: 
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1 (i) catalytic activity in the absence of 

2 said herbicide of more than about 20% of the catalytic 

3 activity of said wild- type AHAS; 

4 (ii) catalytic activity that is 

5 relatively more resistant to the presence of 

6 imidazolinone herbicides coinpared to wild type AHAS; and 

7 (iii) catalytic activity that is 

8 relatively, more, sensitive to the presence of sulfonylurea 

9 herbicides compared to imidazolinone herbicides. 

1 17. A structure-based modelling method as defined 

2 in claim 13, wherein said herbicide is selected from the 

3 group consisting of imidazol inches, sulfonylureas, 

4 triazolopyrimidine sulfonamides, pyrimidyl-oxy- benzoic 
.5 . acids, sulfaunoylureas, sulfonylcarboxamides, and 

6 combinations thereof. 

1 18* A structure -based modelling method as defined 

2 in claim 13, wherein said target AHAS protein is derived 

3 from Arabidopsls thaliana. 

* * 

,1 19. . A Structure -based modelling method as defined 

2 in claim 13, wherein said first cell is E. coli. 

1 20. A . Structure-based modelling method as defined 

2 . . in claim 19 , wherein said first and second cells are E. 
. 3, coli. 

1 21. A structure -based loodelling method as defined 

2 in claim 13, wherein said mutation is selected from the 

3 group consisting of 

4 (i) sxibstitution of at least one different amino 

5 acid residue at an amino acid residue of the sequence of 

6 Figure 1. selected from the group consisting of P46, 649, 

7 S52, M53, E54, A84, A95, T96, S97, 698, P99, 6100, AlOl, 

8 V125, R127, R128, H129, 1130, 6131, T132, D133, P135, 

9 Q136, D186, 1187, T259, T260, L261, M262, 6263, R276, 
10 M277, L278, 6279, H281, 6282, T283, V284, 6300, V301, 



BNSOOCIO: .eVKO 9633270A1.I.> 



wo 9603270 „ ' PCt/US96/05782 



11 


R302 


r F303, 


O304, R306, 


.V307, 


T308, 


G309, 


K310 


, 1311, 


12 


E312 


, A313 , 


F314, A315, 


S3 16, 


R317, 


A318, 


K319 


, 1320, 


13 


E329 


, 1330, 


IC332, N333, 


K334', 


Q335, 


T404, 


6413 


, V414, 


14 


G415 


, Q416, 


H417, Q418, 


M419, 


W420, 


A421, 


A422 


, L434, 


15 


S435 


. S436, 


A43c7/: 6438, 


L439, 


6440, 


A441, 


M442 


, 6443, 


16 


D467 


/ 6468, 


S469, Ii471, 


N473 


L477, 


M479 , 


0495 


, H496, 


17 


L497 


, 6498, 


M499, V501, 


Q502, 


Q504, 


D505, 


R506 


, Y508, 


18 


K509 


, A5.10, 


NSll, R512, 


A513 , 


H514 » 


T515', 


S524 


, H572, 


19 


9573 


, E5,74., . 


H575,. V57,6,. 


L5^7* 


P576, 


MS79-; 


1580 


, P581, 


20 


6583 


, 6584, 


functional 


equivalents 


of 


eUiy 


of the 


21 


foregoing:, and any combination'' of any 


of the foregoing; 


22 




(ii) 


deletipn 


of up to 5 amino acid r 


esidues 


23 


preceding, or up to 5 a]nina.^acid 'res 


idueis ■ 


following at 


24 


' 'ieas'i 


t one amino acid res: 


Ldue .of 


the: s< 


3quenc< 


i of Figure l 


25 


selected from the group consisting of P48, G49, S52, MS3, 


26 


E54, 


A84, Ai 


>5, T96, S9-7). 69^8, 


P99, 


&IO0 , 


AlOl 


, V125 , 


27 


R127 


, R128, 


M129, 1130, 


6131, 


T132, 


D133, 


F135 


, Q136, 


28 


pi86 


, 1187, 


T259, T260, 


L261, 


M262, 


6263, 


R276 


, M277, 


29 


L278 


, 6279 , 


H281, 6282, 


: T2; 8 3 , 


V284, 


630a, 


V301 


, k302. 


30 


F303 


, 0304, 


R306, .V3P7, 


T308, 


6309 if 


K3i0, 


1311 


, i312. 


31 


A3 13 


, P314 , 


A315, S316, 


R317, 


A318, 


K319, 


1320 


, B329, 


32 


1330 


. K332, 


N333. K3,34, 


Q33S, 


T404 , 


6413. 


V414 


, 6415, 


33 


Q416 


, H417, 


Q4.18, M4.19, 


:W420, 


A421. 


A422 , 


L434 


, S435, 


34 


S436 


, A437, 


6438, L439, 


6440, 


A441, 


M442, 


6443 


. D467, 


35 


6468 


, „ S469 , 


,L471, ,N4.73^ 


L47.7', 


M479 , 


0495, 


H496 


. L497, 


36 


6498 


, M49I9, 


V501, Q502, 


.0504, 


DSi 05 ,^ 


R506, 


y508 


, Ki509 , 


37 


ASlO 


, NSll. 


RS12, A513, 


H514, 


T515, 


S524'; 


H572 


, 0573, 


38 


E574 


, H575 , 


VS76, LS77, 


P57B, 


M579, 


1580, 


P581 


, G583, 


39 


6584 


, functiozial equivalents of any of the foregoing, and 


40 


any > 


cooibination of any .pf .the -£< 










41 




(iii) 


deletion 


of . at 


rleaiBt' one 


eunino acid 


42 


reBi( 


due or a 


. fimctional 


equivalent thereof 


betwe 


en Q124 


43 


and H150 of . 


the sequence; 


of Figure i; 








44 




(iv) addition of, at 


least ( 


one amino acid rea 


lidue or 


45 


a functional 


equivalent 


thereof 


betwe( 


en Q124 and 


H150 of 


46 


the 


sequence 


of Figure l 


• 
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47 (v) deletion of at least one amino acid residue or 

48 a fxinctional ecpiival nt thereof between G300 and D324 of 

49 the sequence of Figure 1; 

50 (yi) addition of at least one amino acid residue or 

51 a functional equivalent thereof between 6300 and D324 of 

52 . the sequence of Figure l; 'or 

53 (vii) . . any combination of any of the foregoing. 

1 . 22. A structure -based modelling method as defined 

2 in claim 21, wherein said substitution is selected from 

3 the group, consisting of Met53Trp, Met53Glu, Met53Ile, 

4 Met53His, Argl2aAla> Argl28Glu, PhellSArg, Ile330Phe, a 

5 functional equivalent of any of the foregoing, or a 

6 combination of any of the foregoing. 

1, 23. A Structure-based modelling method for the 

2 production of herbicide resistant AHAS variant protein, 

3 said method conprising: 

4 . (a) aligning a target AHAS protein on a first 
.5 . AHAS texiplate having an identified herbicide binding 

6 . . pocket . and having the sequence of Figure 1 or a 

7 V functional equivalent thereof, to derive the three- 
6 dimensional structure of said target AHAS protein; 

.9 . , . (b) selecting as a target for a mutation, at 

10 least one amino acid position in said target AHAS 

11 protein, wherein said mutation alters the affinity of at 

12 least :one herbicide for said binding pocket; 

13 (c) mutating DNA encoding said target AHAS 

14 protein to produce a mutated DNA encoding a variant AHAS 

15 ^ containing said mutation at said position; and 

16 (d) expressing said mutated DNA in a first 

17 cell, under conditions in which said variant AHAS 

18 containing said mutation at said position is produced. 

1 . 24. A structure -based modelling method as defined 

2 in claim 23, further comprising: 

3 (e) expressing DNA encoding wild- type AHAS in 

4 parallel in a second cell; 
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(f ) purifying said wild- type and said variant 
AHAS proteins from said cells; 

(g) assaying said wild- type and said variant 
AHAS proteins for catalytic activity in conversion of 
pyruvate to acetolactate or in the condensation of 
pyruvate and 2-ketobutyrate to form ace tohydfoxybutyrate, 
in the absence smd . in the presence of said at least one 
herbicide; and 

(h) repeating steps (b) - (g) > wherein said DNA 
encoding said AHAS of ,atep (d) is i used as the AHAS - 
encoding DNA in step (b). until a first herbicide 
resistant AHAS variant protein is identified having: 

(i) tin the absence of said at least one 
herbicide, , . : . ; ^ , : 

(a) a catalytic activity alone 
sufficient to maintain the viability of a cell in which 
it is eocpressed; or 

(b) catalytic- activity in 
combination with any hejrbicide resistant TkHAS variant 
protein also expressed in said cell, which may be the 
same as or different than said .first AHAS variant 
protein, sufficient to maintain the viabilitiy of a cell 
in which it is expressed; 

wherein said cell requires AHAS 
activity for viability; and 

. (ii). catalytic activity that is more 

resistant to at least one herbicide thafti is wild type 
AHAS. 

25. A, Structure -based modelling method as defined 
in claim 24, wherein said catalytic activity in the 
absence of said, at least one herbicide is more than about 
20% of the catalytic activity pf said wild- type AHAS.^ 

26. A structure -based modelling method as defined 
in claim 25, wherein said herbicide, is an imidazolinone 
^^^bicide and a first herbicide resistant AHAS variant 
protein has: 
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(i) cacalycic activity in the absence of 
said herbicide of more than about 20V of the catalytic 
activity of said wild- type AHAS; 

(ii) catalytic activity that is 
relatively more' resistant to the presence of 
imidazolinone herbicides compared to wild type AHAS; and 

(iii) catalytic activity that is 
- relatively more sensitive to the presence of sulfonylurea 

herbicides compared to imidazolinone herbicides. 

27. A Structure -based modelling method as defined 
in claim 23, wherein said herbicide is selected from the 
group consisting of imidazolinones, sulfonylureas, 
triazolopyrimidine sulfonamides, pyrimidyl-oxy- benzoic 
acids, sulfamoylureas, sulfonylcarboxamides , and 
combinations thereof. 

28. A structure -based modelling method as defined 
in claim 23 wherein said target AHAS protein is derived 
from ArahidopBXs tbBliana. 

29. A structure-based modelling method as defined 
in claim 23, wherein said cell is £• coil. 

30. A structure -based modelling method as defined 
, in claim 24, wherein said first and second cells are E, 

31. : A structure -based modelling method as defined 
in claim 23,. wherein said mutation is selected from the 
group consisting of 

(1) sxibstitution of at least one different amino 
acid residue at an amino acid residue of the sequence of 
Figure 1 selected from the group consisting of P4B, 649, 

S52, M53, E54, A84, A95, T96, S97, G98, P99, GlOO, AlOl, 

V12S, R127, R128, M129, 1130, G131, T132, D133, F135, 

Q136, D1B6, 1187, T259, T260, L261, M262, G263, R276, 

M277, L278, G279, H281, G282, T283, V284, G300, V301, 



wo 96/33270 PCTAJS96/05782 

61 

11 R302, F303, p304, R306, V307, T308, G309, K310, 1311, 

12 E312, A313, P314, A315, S316i .R317, A318, K319, 1320, 

13 E329, 1330, K332,-N333, K334, :Q335, T404, G413, V414, 

14 6415, Q416, H417. Q418, M419, W420, A421, A422, L434, 

15 S435, S436, A437:^: 6438, L439, 6440, A441> M442, 6443, 

16 D467, 6468,, S469, L471., N473, L477, M479, Q495, H496, 

17 L497, 6498, M499,, V501, Q502 , Q504 , DS05, R506, ¥508, 

18 K509, A510, N511, R512i- AS13; H514, TS15, S524, H572, 

19 Q573, E574,. H57S, VS76, L577; : P57&, M579; IS80, P581, 

* 

20 6583, 6584, functional equivalents of any of the 

21 foregoing, and euiy. combination of any of the foregoing; 

22 (ii) deletion of up to 5 amino acid residues 

23 preceding, or up to 5 asiino .acid zreis^idues following at 

24 least one amino acid , residue .of the .sequence of Figure 1 

25 selected from the group consisting of P4S, 649, S52, M53, 

26 E54, A84, A95, T96, S97, 698, P99, 6100 V'AlOl, V125, 

27 R127, R128, M129, 1130, 6131, T132, D133, F135, Q136, 

28 D186, 1187, T259, T260, L261, M262, 6263. R276, M277, 

29 L278, 6279, H281, 6282, T283, V284, 6300, V301, R302, 

30 F303, D304, R306, V307 , , T308 , 6309 , K3l6, 1311 , E312, 

31 A313, F314, A315, S316, R317, A318, K319, 1320, E329, 

32 1330, K332, N333, K334, Q335, T404, 6413, V414, 6415, 

33 Q416 , H417 , Q418 , M419. W420. A421 , A422 , L434 , S435 , 

34 S436, A437, 6438, L439, 6440, A441, M442, 6443, D467, 

35 6468,, S469, L471, .N473, : L477, M479, Q495, H496, L497, 

36 6498, M499, V5pl,. Q502i Q504, D505, R506, Y508, K5b9, 

37 A510, N511, R512, A513, H514, T515, S524. H572, Q573, 

38 E574, H575, V576, L577, P578, M579, 1580, P581, 6583, 

39 6584, functional equivalents of siny'of the foregoing, and 

40 amy combination of any of the foregoing; 

41 (iii) deletion of at least one amino acid 

42 residue or a fxinctional equivalent thereof between Q124 

43 and H150 of the . sequence ..of Figure' 1; ' 

44 (iv) addition of at least one amino acid residue or 

45 a functional equivalent thereof between Q124 and H150 of 

46 the sequence of Figure 1; 
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47 (v) deletion of at least one amino acid residue or 

48 a fxinctional equivalent thereof between G300 and D324 of 

49 the sequence of Figure 1; 

50 (vi) addition of at least one amino acid residue or 

51 a functional, equivalent thereof between G300 and D324 of 

52 the sequence of Figure 1; or^ 

.53 (vii) . cmy combination of any of the foregoing. 

1. 32. A structure*based modelling method as defined 

2 in claim 31 « wherein said substitution is selected from 

3 the group . consisting of Met53Trp, Met53Glu, Met53Ile, 

4 Met53Hi8, Argl28Ala, Argl28Glu, Phel3SArg, Ile330Phe, a 
5. functional equivalent of any of the foregoing, or a 
6 combination of any of the foregoing. 

% 

1 33. An isolated DNA encoding an acetohydroxy acid 

2 synthase (AHAS) variant protein, said variant protein 

3 ccui^rising an AHAS protein modified by 

4 (i) siibstitution of at least one different amino 

5 acid residue at an amino acid residue of the sequence of 

6 Figure 1 selected from the group consisting of P4e, 649, 

7 S52, M53, E54, A84, ASS, T96, S97, 698, F99, 6100, AlOl, 

8 V125, R127, R128, M129, 1130, G131, T132, D133, F135, 
? Q136, D186. 1187, T259* T260, L261, M262, 6263, R276, 

10 M277, L278, 6279,. H281, 6282, T283, V284, 6300, V301, 

11 R302. F303. O304. R306, V307, T308, 6309, K310, 1311, 

12 E312, A313, F314, A315, S316, R317, A318, K319, 1320, 

13 B329, 1330, K332, N333, K334, Q335, T404, 6413, V414, 

14 6415, Q416, H417, Q418, M419 , W420, A421, A422, Ij434, 

15 S435, S436, A437, 6438, L439, 6440, A441, M442 , 6443, 

16 . D467, 6468, S469, L471, N473, L477, M479, Q495, H496, 

17 L497, 6498, M499, V501. Q502, Q504, D505, RS06, Y508, 

18 K509, A510, N511, R512, A513. H514, T515, S524, H572, 

19 Q573, E574, H575, VS76, L577, P578, M579, 1580, PS81, 

20 6583, 6584, functional equivalents of any of the 

21 foregoing, emd any combination of any of the foregoing; 

22 (ii) deletion of up to 5 amino acid residues 

23 preceding, or up to 5 amino acid residues following at 
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24 lease one amino acid residue of the sequence of Figure l 

25 selected from the group consisting of P48, G49, S52, 

26 M53, B54. A84, ASS, T96, S97, 698, P99, GlOO, AlOl, V125 , 

27 R127, R12S, M129,..I130, G131, T132, D133, F135, Q136, 

28 D186, 1187, T259 , T260, L261, M262, G263, R276, M277, 

29 L278, 6279, H281. 6282, T2&3, V284. 6300; V301, R302, 

30 F303, D304, R306,.V307, T309, 6309, K310, 1311, E3l2, 

31 A313, F314, A315, 8316, R317, A318, K319, 1320, E329, 

32 1330, K332, N333, K334, Q335, T404, 6413, V414, 6415, 

33 H417, Q418;, M41'9, W420, A421, A422, L434, S435, 

34 S436, A437, 643-8, Ii439, 6440, :A441i ' M442, 6443 , D467, 

35 G468, S469, L471, N473, L477:, M479, Q495/ H496, L497, 

36 G498, M499, V501, Q5Q2, Q504^ D505,-*R506v Y508, K509, 

37 ASIO, N511, R512, A513, :H514, T515, 'S524/ H572, Q573, 

38 E574, H575, V576, L577, P578, M579, 1580, P581, G583, 

39 G584, functional equivalents of any of the foregoing, and 

40 any combination of. amy of the foregoing ; 

41 (iii) deletion of at least one amino acid 

42 residue or a functional equivalient thereof between Qi24 

43 and H150 of the sequence of Figure- 1; 

44 (iv) addition of at least one amino acid residue or 

45 a functional equivalent r. thereof between 0124 and H150 of 

46 the sequence of Figure 1; • 

47 (v) deletion of at ^least one amino acid residue or 

48 a functional equivalent thereof between G3o6 and D324 of 

49 the sequence of Figure ,1; " * ' 

50 (vi) addition of at least one suniho acid residue or 

51 a fiinctional eq[uivalent ^thereof between G3 00 and D324 of 

52 the sequence of Figure 1; or i -. ; 

53 (vii) any coinbination of any of the foregoing, 

54 or functional equivalents thereof . ^ 

t 

1 34. DNA as defined in claim 33, wherein said 

2 modification alters the ability of an herbicide to 

3 inhibit the enzymatic activity of said protein. 

1 35. DNA as defined in claim 34, wherein said 

2 herbicide is selected from the group consisting of 
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3 imidazolinones, sulfonylureas, triazolopyrimidine 

4 sulfonamides, pyrimidyl -oxy-benzoic acids, 

5 sulf amoylureas, sulf onylcarboxamides, and combinations 

6 thereof • 

1 36. DNA. as defined in claim 33, wherein said AHAS 

2 protein is derived from Arahidopsls tba^liana . 

1 37; DMA as defined in claim 33, wherein said 

2 substitution is selected from the group consisting of 
.3 Met53Trp, Met53Glu, Met53Ile, Met53His, Argl28Ala, 

4 Argl28Glu, Phel35Arg, Ile330Phe, a functional equivalent 

5 of any of the foregoing, or a combination of any of the 
. € foregoing, 

1 38. DNA as defined in claim 37, wherein said 

2 variant AHAS protein has 

3 (a) in the ekbsence of at least one AHAS 

4 inhibiting herbicide, 

-5 (i) a catalytic activity alone 

6 sufficient to maintain the viability of a cell in which 

7 it is expressed; or 

8 (ii) catalytic activity in 

9 combination with any second herbicide resistant AHAS 
10. variant protein also expreaeed. in said cell, which may be 
11 . . . the same as or different thaii said AHAS variauit protein, 

.12 sufficient to maintain the viability of a cell in which 

13 . it. is expressed; 

14 '■ ■ - wherein said cell requires AHAS 

15 activity for viability; and 

16 (b) catalytic activity that is more 

17 resistant to at least one herbicide than is wild type 

18 AHAS. 

1 39. DMA as defined in claim 33, wherein said 

2 variant TkHAS has more than aJsout 20% of the catalytic 

3 activity of wild- type AHAS. 
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40. DNA defined in claim 39, wherein said variant 
AHAS is at least 2- fold more resistsmt to imidazolinone- 
based herbicides than to sulf onylurea-based herbicides. 

41. A DNA vector comprising the DNA sequence 
of claim 33 operably linked to a: transcription regulatory 
element. 

42. A cell comprising an AHAS encoding DNA sequence 
derived from a DNA vector as defined in claim 41, wherein 
said cell is selected from the group consisting of 
bacterial, fungal, plant, insect, and mammalian cells. 

43. A cell as defined in claim 42, comprising a 
plant cell. 

44. A seed comprising a cell as defined in claim 

43. 

45. A .variant AHAS protein comprising a protein 
encoded by a DNA as defined in claim 33* • 

46. A variant AHAS protein coznprising an AHAS 
protein modified by 

(i) substitution of at least one different afliino 
acid residue at an amino acid residue of the sequence of 
Figure 1 selected from the group consisting ot P48, G49, 



S52, 


M53, ES 


14, A84, 


A95, 


T96 ,397^698, P99i 


6100, 


AlOl, 


V125, 


. R12.7. 


R128, 


M129, 


1130, 


6131, 


T132, 


D133, 


F135, 


Q136, 


Dies, 


1187, 


T259 i 


T260, 


-L261, 


M262, 


^62 63, 


Ri76, 


M277, 


L27.8, 


6279, 


.H2.81, 


6282 , 


T283, 


V284, 


6300, 


V301, 


R302, 


F303, 


D304, 


R306, 


V307i 


T308,. 


6309 r 


K310, 


1311, 


E312, 


A3 13, 


F314, 


A315, 


S316, 


R317, 


A318, 


K319, 


1320, 


E329, 


1330, 


K332, 


N333, 


K334, 


Q335, 


T404, 


6413, 


V414, 


6415, 


Q416, 


H417, 


Q418 , 


M419, 


W420, 


A421, 


A422, 


L434, 


S435, 


. S436, 


A437, 


6438, 


. L439, 


6440, 


A441, 


M442, 


6443, 


D467 , 


G468, 


S469, 


L471, 


N473, 


L477, 


M479 , 


Q495, 


H496, 


L497, 


6498, 


M499, 


V501, 


Q502, 


Q504, 


D505, 


R506, 


Y508, 
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17 K509, A510, N511, R512, A513 , H514, T515, S524, H572, 

18 Q573, E574,.H57S, V576, L577, P578, M579, 1580, P5B1, 

19 G583, G584, functional equivalents of any of the 

20 foregoing, and any combination of any of the foregoing; 

21 (ii) deletion of up to 5 amino acid residues 

22 preceding, or up . to 5 amino, acid residues following at 

23 least one amino acid residue of the sequence of Figure 1 

24 selected from the . group consisting of P48, 649, S52, 

25 . M53, E54, A84, A95., T96, S97, G98, P99, GlOO, AlOl, V125, 

26 R127, R128, M129, 1130, G131, T132, D133, P135, Q136, 

27 D186, 1187, T2S9, T260, L261, M262, G263, R276, M277, 

28 L278, 6279, H281, 6282, T283, V284, 6300, V301, R302, 

29 F303, D304, R306, V307, T308, 6309, K310, 1311, E3i2, 

30 . A313, F314, A315, S316, R317, A318, K319, 1320, E329, 

31 1330, K332, N333, K334, Q335, T404, 6413, V414, 6415, 

32 Q416, H417, Q418, M419, W420, A421, A422, L434, S435, 

33 S436, A437, 6438, L439, 6440, A441, M442, 6443, D467, 

34 6468, S469, L471, N473, L477, M479, Q495, H496, L497, 

35 6498, M499, y501, Q502, Q504, D505, R506, Y508, K509, 

36 A510, N511, R512, A513, H514, T515, S524, H572, Q573, 

37 E574, HS75, V576, L577, P578, M579, 1580, P581, 6583, 

38 6584 , functional equivalents of any of the foregoing, and 

39 any combination of any of the foregoing; 

40 (iii) deletion of at least one amino acid 

41 residue or a fxinctional equivalent thereof between Q124 

42 and H150 of the sequence of Figure 1; 

43 (iv) addition of at least one amino acid residue or 

44 a fxmctional equivalent thereof between Q124 and H150 of 

45 the sequence of Figure 1; 

46 (v) deletion of at least one amino acid residue or 

47 . a functional equivalent thereof between 6300 and D324 of 

48 the sequence of Figure 1; 

49 (vi) addition of at least one amino acid residue or 

50 a functional equivalent thereof between 6300 and D324 of 

51 the sequence of Figure 1; or 

52 (vil) any combination of amy of the foregoing. 
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47. A variant AHAS protean as defined in claim 46, 
wherein said modification alters the ability of a 

herbicide to inhibit the enzymatic activity of said 
protein. 

48.. A variant AHAS protein as defined in claim 4^, 
wherein, said herbicide is selected frbm the group 
consisting of an imidazolinohesi sulfonylureas, 
triazolopyrimidine . sulf omamides , pyrimidyi - oxy-benzoic 
acids, sulfamoylureas, . sulfonylcatboxamides, and 
combinations thereof. r 

, l„ - , J ■ - • - ' 

» • -• ' 

49. A variant AHAS protein as defined in claim 46, 
wherein said AHAS. protein is derived from Arabidqpsis 
thaliansi. 

50. A variant AHAS protein as defined iii claim 46, 
wherein said substitution is selected froni the group 
consisting of MetS3Trp, Met53Glu, Met53lie,' Met53His, 
Argl28Ala, Argl28Glu, Phel35Arg, Ile330Phe, k fimction^l 
equivalent of any of the foregoing, or a ccimbination of 
any of the foregoing or functions:! egui^aiehts thereof . 

. . ■.. .... • — y-- ■ 

, , - ! ■ * - , • •■• ► 

■ ■ 4 , • •• . • . ■ 

51. A variant AHAS protein as def ined in claim 46, 
wherein said variant AHAS . protein has 

(a) in the sO^sence of said at least one 
AHAS inhibiting herbicide,- 

1. (i) - a catalytic activity aloiie 
sufficient to maintain the viability 6£ a cell in which 
it is e^qpressed; or 

(ii) catalytic- activity in 
combination with any second herbicide resistant AHAS 
variant protein also expressed in said cell , which may be 
the same as or different than said AHAS variant protein, 
sufficient to maintain the, viability of a cell in which 
it is expressed; 

wherein said cell requires AHAS 
activity for viability; and 
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16 (b) catalycic activity that is more 

17 resistant to at least on herbicide than is wild type 

18 AHAS. 

1 52. A variant AHAS protein as defined in claim 46, 

2 wherein said variant AHAS has more than about 20% of the 

3 catalytic activity of wild- type AHAS. 

1 53. A method for conferring herbicide resistance on 

2 a cell, said method comprising: 

3 , (a) cloning a DNA as defined in claim 33 into 

4 a cqn^atible expression vector; and 

5 (b) transforming said DNA into said cell, 

6 under conditions wherein said gene is expressed at 

7 sufficient levels to confer herbicide resistance on said 

8 cell. 

1 54. A cell -prepared according to the method of 

2 claim 53. 

' * ■ - ■ 

, 1 55. A plant coo^rlsing a cell as defined in claim 

2 . . 54. 

i • • * 

1 56.. A method as defined in claim 53, wherein said 

2 imitated gene encodes a different amino acid at least one 

3 of positions 53, 128,. 135, or combinations thereof. 

1 . 57. A method as defined in claim 56, wherein said 

2 AHAS gene comprises the AredbidppHis tiialiana AHAS gene. 

, • . - ■ 

1 58. A. method as defined in claim 53, wherein said 

2 cell is selected from the group consisting of bacterial, 

3 fimgal, plant, insect, and mammalian cells. 

1 59. A method as defined in claim 58, wherein said 

2 cell is a plamt cell. 
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6.0. ,A method as defined in claim 59, wherein said 
cell is in a seed. 

61. A method for production of herbicide- resistant 
AHAS protein, said method coit5)rising: 

(a) selecting an amino acid position in an 
AHAS prptein as a target ^or mutation; ^ - " 

(b) mutating DNA encoding AHAS to produce a 
mutated DNA encoding a mutation at said position; 

(c) e3qpreQ6ing said mutated DNA in a first 
cell, under conditions in which a variant AHAS is 
produced containing said, .mutation at said position;" 

(d) , e3q)ress:ing wild- type AHAS proteiti in 
parallel in a second. cell; ^ . • 

(e) purifying said wild -type- and said variant 
AHAS proteins, from said cells; 

(f) assaying said wild- type and said variant 
AHAS proteins, for catalytic activity in conversion of 
pyruvate to acetolactate , in the absence and in the 
presence of imidazolinone or sulfonylurea herbicides; and 

(g) repeating steps (a) - (g) , wherein said 
mutated DNA is used as the AHAS - encoding DNA in step (b) 
until an herbicide resistant AHAS protein having: 

(i) -catalytic activity in the absence of 
herbicides of more than . about 2«% of the catalytic 
activity of said wild- type AHAS; ^ 

(ii) catalytic activity that is 
relatively more resistant to the presence of 
imidazolinone herbicides compared to wild type AHAS; and 

(iii) catalytic activity that is 
relatively more sensitive to the presence of sulfonylurea 
herbicides compared to.:: imidazolinone herbicides is 



62. A method as defined in claim 61, wherein said 
herbicide is selected from the group consisting of 
imidazolinones , sulfonylureas , triazolopyrimidine 
sulfonamides , pyrimidyl - oxy- benzoic acids , 
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5 sulfamoylureas, sulf onylcarboxamides, and combinations 

6 thereof * 

1 63. A method as defined in claim 61, wherein said 

2. AHAS protein is detived from Arabidppsis tisaliaxia. 

1 64. A method as defined in claim 61, wherein said 

2 cell is E. coli. 

1 65. A method as defined in claim 61, wherein said 

■ 2. target AHAS " protein comprises a protein having the 

. 3 , sequence of Figure 1. 

1 66. A method as defined in claim 65, wherein said 

2 imitation is selected from the group consisting of 

3 (i) substitution of at least one different amino 

4 acid residue at an amino acid residue of the sequence of 

5 Figure 1 selected from the group consisting of P48, 649, 
.6 S52, M53, E54, A84, A95, T96, S97, 698, P99, GlOO, AlOl, 

7 V125, R127, R128, M129, 1130, G131, T132, D133, F135, 

8 . .Q136, D186, 1187, T259, T260, L261, M262, G263, R276, 
. 9 M277, 1.278, G279, H281, G282, T283, V284, G300, V301, 

10 R302, F303, D304, R306, V307, T308, G309, K310, 1311, 

.11 , E312, A313, E314, A315, S316, R317, A318, K319, 1320, 

12 E329, 1330, K332, N333, K334, Q335, T404, G413, V414, 

13 G415, Q416, H417, Q4ia, M419, W420, A421, A422, L434, 

14 S435, S436, :A437, 6436, L439, G440, A441, M442, 6443, 

15 D467, 6468, S469, L471, N473, L477, M479, Q495, H496, 
,16 L497, 6498, M499, V501, Q502, Q504, D505, R506, ¥508, 

17 K509, A510, NSll, R512, AS13, H514, T515, SS24, H572, 

18 » . QS73> E574, H575, V576, L577, P578, M579, 1580, P581, 

19 6583, 6584, fvuictional equivalents of any of the 

20 . foregoing, and any combination of any of the foregoing; 

21 (ii) deletion of up to 5 amino acid residues 

22 preceding, or up to 5 amino acid residues following at 

23 least one amino acid residue of the sequence of Figure 1 

24 selected from the group consisting of P48, 649, S52, MS3, 

25 E54, A84, A95, T96, S97, 698, P99, 6100, AlOl, V125, 
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26 


R127 


, R128 , 


M129 , 




G131 


, T132, D133, 


F135, Q136, 


27 


D186 


. 1187, 


T259, 


T260, 


L261 


, M262, 6263. 


R276, M277, 


28 


L278 


, G279, 


H281. 


G262, 


T283 


, V284, G300, 


V301, R302, 


29 


F303 


, D304, 


R306, 


V307, 


T308 


, 6309, K310, 


1311, E312, 


30 


A313 


, F314, 


A3 15:, 


5316, 


R317, 


, A318, R319, 


1320, E329, 


31 


1330 


, K332, 


N333, 


K334, 


Q335 


, T404, 6413, 


V414, 6415, 


32 


Q416 


, H417, 


Q418, 


M419, 


W420 


, A421, A422, 


L434, S435, 


33 


S436 


. A437, 


6438, 


L439, 


G440 


, A441» M442, 


6443, D467, 


34 


G468 


, S469, 


L471, 


N473, 


L477, 


, M479, Q495, 


H496, L497, 


35 


6498 


, M499, 


ysol. 


Q502 , 


Q504 


, D505, R506, 


Y508, K509, 


36 


A510 


, N511, 


R512 , 




H514, 


, T515/ S524i 


H572, Q573, 


37 


E574 


, H575, 


V576, 


L577, 


P578. 


, M579, I580; 


P581, G583, 


38 


G584 


, functional eq 


[uivale: 


ats of any of the foregoing, and 


39 


any 


combination of 


any of 


the 


foregoing ; 




40 




(iii) 


deletion 


of at least one • 


amino acid 


41 


resii 


due or a 


functional equivalent thereof between Q124 


42 


and HlSO o£ i 


ttie sec 


luence 


of Figure 1 ; 




43 




(iv) addition 


of at 


least 


one airtiho' acid residue or 


44 


a fimctional equivalent t 


hereo 


f between Q124 


and HI 50 of 


45 


the 1 


Beq[uence 


of Figure 1; 








46 




(y) deletion 


of at 


least 


one amino acid residue or 


47 


a fiinctional 


equivc 


Llent thereof between 6300 


and D324 of 


48 


the , 


sequence 


of Figure 1; 






> 


49 




(yi) addition 


of at 


least 


one aLmino acid residue or 


50 


a functional 


equivalent thereof between G300 


and D324 6t 


51 


the 1 


sequence 


of Figure 1; 


or 




• , —9* ' 


52 




(yii) 


any combinatioh of any of the foregoing. 



1 67^ A method as defined in claim 66, wherein said 

2 substitution ,:ls selected from the group consisting of 

3 MetSBTrp, Met5361u, Het53Ile, Met53His, Argl28Ala, 

4 Argl2861u, Phel35Arg, 3;ie330Phe, a functional equivalent 

5 of any of the foregoing, or a combinatioh of any of the 

6 foregoing. 

1 68. A method for controlling weeds in a crop, said 

2 method comprising cultivating a crop con^rising herbicide 

3 r sistant plants as defined in claim 55, and treating 
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4 said crop with a weed controlling effective aunounc of 

5 said herbicide. 

6 69. A method for controlling weeds in a crop, said 

7 method coniprising cultivating a crop comprising herbicide 

8 resistaxit plants as defined in claim 55, and treating 

9 said crop with a weed controlling effective amount of an 

10 herbicidal conposition coznprising said herbicide. 

11 70. A structure -based modelling method for the 

12 preparation of a first herbicide which inhibits AHAS 
- . 13 activity, said method con^srising: 

14 (a) aligning a target AHAS protein on pyruvate 

15 oxidase tenplate or cui AHAS modelling functional 
.16 equivalent thereof - to derive the three-dimensional 

17 structure of said target AHAS protein; 

18 (b) modelling a second herbicide having AHAS 

19 inhibiting activity into said three-dimensional structure 

20 to derive the location, structure, or a combination 

21 thereof of an herbicide binding pocket in said target 

22 .AHAS protein; and 

23 (c) designing a hon-peptidic first herbicide 
24v which will interact with an AHAS activity inhibiting 

25 effective jportion df siaid' binding pocket, wherein said 

26 . first herbicide inhibits said AHAS activity sufficiently 

27 to destroy the viad>ility of a -cell which requires AHAS 

28 activity for viability. 

1 71. A Structure -based modelling method as defined 

2 in claim 70, wherein said AHAS modelling functional 
.3 . equivalent is selectisd tram the group consisting of 

4 transketolases , carboligases, and pyruvate decarboxylase . 

.1 72. . A Structure -based modelling method as defined 

2 in claim 70, wherein said first herbicide contains at 

3 least on functional group that interacts with a 
.4 functional group of said binding pocket. 



BNSDOCIO: tWO 9e33270Al I > 



wo 96/33270 . PGT/US96/05782 

73. A striicture* based modelling method as defined 
in claim 70, wherein said first herbicide binds to at 
least an AHAS activity- inhibiting effective portion of 
said binding pocket* 

,74. A structure -based modelling methbd as defined 
in claim. 70, wherein said first herbicide inhibits said 
catalytic activity of said AHAS ..to less than about 20% of 
the catalytic activity of wild- type AHAS. 

75. A structure -based modelling.: method as defined 
in claim 70, wherein said target AHAS protein is derived 
from Arcd^idppsis tbstlianB.^ 

76. A Structure-based modelling method as defined 
in claim 70., wherein said target AHAS : protein comprises 
a protein having the sequence of Figure 1 or a ftmctional 

equivalent thereof. ... 

. • ■ ■ <• 

77. A structure-based modelling method for the 
production of a first herbicide which inhibits AHAS 
activity, said method comprising: ^ 

(a) aligning a target AHAS protein on a first 
AHAS tenplate derived from a ; polypeptide having the 
sequence of Figure Jl or a functional, equivalent thereof, 
to derive the three-dimensional structure of said target 
AHAS protein; 

(b) modelling a second herbicide having AHAS 
inhibiting activity into said three-dimensional structure 
to derive the: location, structure, or . a combination 
thereof of an herbicide binding pocket in said target 
AHAS protein; and 

(c) designing a non-peptidic first herbicide 
which will interact with an AHAS activity inhibiting 
effective portion of said binding pocket, wherein said 
first herbicide inhibits said AHAS activity sufficiently 
to destroy the viability of a cell which requires AHAS 
activity for viability. 
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78. A structure -based modelling method as defined 
in claim 77, wherein said first herbicide contains at 
least one functional group that interacts with a 
functional group of said binding pocket. • 

79. A structure -based modelling method as defined 
in claim 77, wherein said first herbicide binds to at 
least an AHAS activity inhibiting effective portion of 
said binding pocket. 

80. A stxoicture -based modelling method as defined 
in claim 77, wherein said first herbicide inhibits said 
catalytic activity of said AHAS to less than about 20% of 
the catalytic activity of wild-type AHAS. 

81. A structure-based modelling method as defined 
in claim 77, wherein said target AHAS protein is derived 
from ArabidopsiB thaliana. 

1. 

82. A structure -based modelling method for the 
production of a first herbicide which inhibits AHAS 
activity, said method comprising: 

(a) designing a non-peptide herbicide which will 
interact with an AHAS activity inhibiting-ef f ective 
portion of a binding pocket of an AHAS protein, wherein 
said herbicide inhibits said AHAS activity sufficiently 
to destroy the viability of a cell which requires AHAS 
activity for viability. 

83. A cell transformed with a DNA as defined in 
. claim 33, wherein said DNA is expressed in said cell at 

sufficient levels to confer herbicide resistance on said 
cell. 

84. A plant transformed with a DNA as defined in 
claim 33, wher in said DNA is expressed in said plant at 
sufficient levels to confer herbicide resistance on said 
plant . 
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